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Letter of Transmittal 

To the Congress of the United States: 

In compliance vrith the provisions of the act of March 3, 1915, as 
amended, establishing the National Advisory Committee for Aero- 
naiitics, I transmit herewith the Thirty-eighth Annual Report of 
the Committee covering the fiscal year 1952. 

Harry S. TRUiiAX. 

The White House, 
jAStt.\RY 15, 1958. 
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Letter of Submittal 


Nation^al Advisory CoinrrrrEE for AERONAimca 

Washutgtox, D. C., November 20, 1952. 

Dear IMr. Presidext: In compliance with the act of Congress ap- 
proved March 3, 1915, as amended (XJ. S. C. 1946, title 50, sec. 153), 
I have the honor to submit herewith the Thirty-eighth ^Vnnual Re- 
port of the JIational Advisory Committee for Aeronautics covering 
the fiscal year 1952. 

Practical superkmic flight is only now be^nning to materialize. It 
was hardly 5 years ago that man, in a special research airplane, first 
flew faster than sound in level controlled flight. During the past 
year, in Korea, American pilots have repeatedly flown faster than 
sound in dives. Supersonic tactical aircraft are now assured but their 
successful development requires much further research. 

The Committee’s report to the Congress notes that its operations 
have been reduced, although the need for increased aeronautical re- 
search is more urgent than at any time since V-J Day. Application 
of advances in aeronautical science provide the foundation for future 
air supremacy. 

Respectfully submitted. 

JeROIIE C. HtJNSAKER, 

Chairman. 

The President, 

The ’White-House, Washington, D. O. 
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THIRTY-EIGHTH ANNUAL REPORT 

OF THE 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


Washes'gtox, D, C., Noceniber 20, 1952. 
To the Congress of the United, States: 

In submitting to the Congress this thiiiy-eighth an- 
nual report of the National Advisory Committee for 
Aeronautics for the fiscal year 1952, the Committee 
feels an increasing sense of urgency from the realiza- 
tion tliat it has not been possible to utilize to their full 
capacity the extensive research facilities of the NACA 
at a time when an unfriendly power overseas has 
challenged our assumed air supremacy. The Congress 
has shown farsighted and timely understanding in sup- 
porting a continuing program to modernize and expand 
aeronautical research facilities, and the Committee 
takes considerable satisfaction in the value of the results 
obtained from these facilities. But the funds available 
for their operation are seriously inadequate for the 
welfare of tire United States. 

Since the achievement of supersonic flight in 1947 
with a research airplane, our aircraft industry' and the 
military services have been proceeding, in the face of 
extraordinarily difiicult problems, to develop practical 
military airplanes to operate at supersonic speeds. 
Tliese problems are increasingly acute in aerodynamics, 
propulsion, and structures. NACA research, which has 
a profound influence upon the future success of our 
military program, is decreasing while the need is in- 
creasing. Recent failures of high-speed airplanes in 
flight indicate tliat we do not fully understand all of the 
problems of high-speed flight. Innovations in design 
should be supported by more adequate research. 

Since hostilities started in Korea, the Committee has 
submitted larger budget estimates to cover the needs of 
its research program, in the conviction that the United 
States cannot afford to risk its advanced position in 
scientific research in aeronautics, but only part of these 
needs have been met in the final appropriations. Tlie 


Committee may have failed to state clearly enough the 
necessity for more intensive research in view of the 
dangerous international situation. 

In cooperation with the economy program of the Gov- 
ernment, the Committee lias endeavored to stretch tlie 
operating funds available to meet increasing research 
needs during the national build-up of air power. The 
Committee has had the assistance of leaders in science, 
industry, and tlie military services in selecting the most 
pressing research problems to receive attention. After 
making such selection, many important .problems re- 
main that require solution before further progress can 
be made in the quality and performance of liigh-speed 
aircraft, but attack on them must be deferred. 

In the race for air supremacy, the date for the ulti- 
mate test is unknowable. The time available to carry 
out a logically planned research program is, conse- 
quently, a matter of judgment. Til^at is left undone 
now may never be undertaken. 

Nevertlieless, there is one fundamental certainty: 
Our coimtry is making an immense investment in secu- 
rity through air power. That investment win be only 
as sound as the adequacy of a continuing scientific re- 
search program without which there is a real danger 
that this air power might become second best. Research 
solves current problems but is most productive when it 
reveals new knowledge, leading to new applications. 
Research laboratories, consequently, must be used in- 
tensively and changed from time to time to deal with 
the new problems tliat come with progress. 

Fm-ther modernization of the NACA research labo- 
ratories and, above all, adequate operating funds, are 
needed more urgently than at any time since Y-J Day. 

I am instructed by the Committee to bring this situa- 
tion to the attention of the Congress. 

Respectfully submitted. 

* Jerojie C. Htns’S.iKER, Chairman. 
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Part I— TECHNICAL ACTIVITIES 
THE NACA— WHAT IT IS AND HOW IT OPERATES 


The business of the National Advisoi^ Committee for 
Aeronautics is research, scientific laboratory research 
in aeronautics. Tlie responsibilities of the NACA 
wei’e received at the time of its establishment by the 
Congress in 1915, and are to “supervise and direct the 
scientific study of the problems of flight with a view 
to tlieir practical solution” and also, to “direct and 
conduct research and experiment in aeronautics.” 

During tlie 37 years since its organization as an 
independent Federal agency, tlie NACA has sought to 
assess tlie current status of development of aircraft, 
both civil and militaiy; to anticipate tlie .research 
needs of aeronautics ; to develop the scientific staff and 
novel research facilities required, and to acquire the 
needed information as rapidly as may be consistent 
witli the national interest. 

The Committee’s research programs have had both 
the long-range, all-inclusive objective of acquiring the 
new scientific knowledge essential to assure American 
leadersliip in aeronautics, and the immediate objective 
of solving, as quickly as possible, the most pressing 
problems, thus to assure success of the Nation’s aircraft 
construction program. 

The 17 members of the Committee are appointed by 
and report to the President. They are assisted in tlie 
determination of research programs by five major and 
23 subordinate committees, with a total membersliip 
of approximately 400 scientists: fi'om universities, en- 
gineers from the aircraft industry and the airlines, and 
experts from the civil and militaiy agencies of the 
Government most concerned with aeronautics. Tliese 
men are selected because of their technical ability, ex- 
perience, and i*ecognized leadership in a special field 
of competence, and serve in a personal and profes- 
sional capacity without compensation. They provide 
material assistance in the consideration of problems 
related to their technological fields, review research 
in progress both at NACA laboratories and in other 
organizations, recommend research projects to he. un- 
dertaken, and assist in the coordination of i«search 
programs. Membership in the technical committees 
and subcommittees, as well as the Industry Consulting 
Committee, is listed in part II of this report. 

Kesearch coordination is also accomplished through 
discussions by NACA technical personnel with the re- 
search staffs of the aviation industry, educational and 
scientific institutions, and other aeronautical agencies. 


As a fui'ther aid, a West Coast representative main- 
tains close liaison with the aeronautical research and 
engineering staffs of that geographical area. 

Most of tlie research problems to be investigated are 
assigned to NACA’s laboratories.. Problems liaving to 
do witli flight proinilsion go to the newest of the three 
main facilities, the Lewis Flight Propulsion Laboratory 
at Cleveland. The Ames Aeronautical Laboratory, at 
Moffett Field, California, concentrates upon aerody- 
namic research, while at the Langley Aeronautical Lab- 
oi’atory, in Virginia, research is conducted on aero- 
dynamic, structures, hydrodynamics, and other prob- 
lems. Smaller NACA research installations are located 
at Wallops Island, off the Virginia Coast, where aero- 
dynamic problems in the transonic and supersonic 
ranges are studied using rocket-pro|)elled mwlels in 
flight, and at Edwards Air Force Base, California, 
where specially-designed and sj^ieeially-instrumentcd 
airplanes are used in tlie study of transonic and super- 
sonic flight problems. The technical and administra- 
tive staff of the NACA totaled 7652 persons at the end 
of fiscal year 1952. 

In addition to this major effort, the NACA sponsors 
and finances a coordinated program of research at a 
score of iion-profit scientific and educational institu- 
tions, as well as at the National Bureau of Standards 
and the Forest Products Laboratory, thus to supple- 
ment the work carried on at NACA facilities. By this 
means, scientists and research engineers, whose skills 
and talents otherwise might not be available, contribute 
importantly to the Government’s program of aeronau- 
tical problems. In addition, promising students assist- 
ing in these programs receive the scientific training 
which makes them useful additions to the country’s 
scientific manpower. 

Research proposals from sucli institutions are care- 
fully screened to. assure best use of the limited funds 
available to the NACA for sponsoring such activity. 
Similarly, results from these research projects are re- 
viewed to maintain the quality of this part of the 
NACA program, and reports of the useful_ results arc 
■given the same wide distribution as other NACA 
publicEbtions. 

During the fiscal year, most of the.NAC.V technical 
subcommittees reviewed proposals_£3F re^arch proj- 
ects, or. gave attention to reports from completed con- 
tracts. Reports covering results of sponsored research 
totaled 92 during the year. 
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During the fiscal year 1952 the following institutions 
participated in the contract research program : 

National Bureau of Standards 

Forest Products Labomtory 

Armour Researcli Foundation 

Battelle Memorial Institute 

Polytechnic Institute of Brooklyn 

California Institute of Techuology 

Unlvei’slty of California 

University of California at Los Angeles 

Carnegie Institute of Technology 

University of Chicago 

University of Cincinnati 

Clarkson College of Technology 

Columbia University 

Cornell University 

University of Florida 

Georgia Institute of Technology 

Iowa State College 

Johns Hopkins University 

Massachusetts Institute of Technology 

University of Michigan 

University of Oklahoma 

University of Pittsburgh 

Piuxlue University 

Rensselaer Polytechnic Institute of Teclinology 
Stanford University 
Syracuse University 

Texas Agricultural and Mechanical College 
University of Wisconsin 

If the XACA’s business is research, its “product” is 
research information. Research results, including those 


obtained in the Committee’s laboratories and those de- 
rived elsewhere under NACA sponsorship, are distrib- 
uted in the form of Committee publications. Reports 
and Teclmical Notes, containing information that is 
not classified for reasons of security, are available to 
the public in generaL Translations of important for- 
eign research information are issued as Technical 
ilemorandums. 

Current annoimcement of NACA publications is 
through the medium of the NACA Research Abstracts. 
In addition to covering NACA publications, this serv- 
ice includes important research reports received from 
abroad. 

The NACA also prepares a large number of reports 
in which information of a classified nature is presented. 
These, for reasons of national security, are closely con- 
trolled as to circulation. When it is found possible to 
declassify such information, it may be published at a 
later date for wider distribution. 

In addition to other means of transmitting quickly 
and efficiently researcli information, the NACA each 
year holds a number of technical conferences with rep- 
resentatives of the aviation industry, universities, and 
the military services. These are restricted meetings, 
because of the security classification of the material 
presented, and the subject material is usually about a 
specific field of interest. During the fiscal year 1952, 
four sucli technical conferences were held. 



SOME EXAMPLES OF RESEARCH ACTIVITY 


NEW ALTITUDE TEST FACILITIES AID 
IMPROVEMENTS OF TURBOJETS 

During the summer of 1952 a new research tool was 
put into use at the NACA’s Lewis Flight Propulsion 
Laboratory. IVliat made the event of great importance 
was that it came at a time in the world race for air 
supremacy when bi gg er, more efficient powerplants are 
sorely needed for tomorrow’s airplanes. Except for 
tliis new facility, the United States would not now 
have the research equipment so necessary for study, 
through their full range of power and altitude, of the 
largest turbojet engines now being developed. 

Termed the Propulsion Systems Laboratory to dis- 
tinguisli it from other, smaller engine testing facilities 
at the Lewis Laboratoi-y, the new equipment marks an- 
other milestone in a successful, 9-year effort by Ameri- 
can research, first to catch up with the turbojet revolu- 
tion, and then take the. lead. Tliroughout this period, 
the NACA has continually increased the capacity of 
its altitude facilities to enable testing the more power- 
ful engines under development. 

Prior to World War II, although interest was shown 
in the United States in theoretical considerations of 
the possible adaptation of the long-known prinicple of 
jet reactimi for use in aircraft, virtually all develop- 
ment effort in this country had been concentrated upon 
desigiring piston engines with more power and better 
fuel economy for the long-range fighters and bombers 
upon which Ajnerican air defense plans were based. 

In both Germany and Great Britain, the need for 
more powerful engines for short-range, high-perform- 
ance interceptor aircraft made Uie idea of turbojet en- 
gines vei’y attractive, despite tlie handicap of high fuel 
consumption. In 1941, even before American involve- 
ment in the war. Great Britain made available to the 
United States the Whittle engine. American produc- 
tion and improvement of this first British turbojet 
was assigned to the General Electric Co., while the 
nation’s aircraft i-esearch and production establish- 
ments were kept at the more immediate task of provid- 
ing the improved piston engines needed to win World 
War II. 

Construction of the Lewis Laboratory was authorized 
in 1940, and provided facilities, superior to those of 
finy nation, for propulsion research. Previously, nei- 
ther the NACA nor the aircraft engine manufacturers 
had been able to do more than test complete engines 
under sea level conditions, except in actual flight, but 


as thefightere and bombers of World War II coiitnuied 
to seek liigher altitudes, it became imperative to per- 
form e.xtensive research on problems of high-altitude 
operation, to find solutions which could be applied 
quickly to current engines. Although some of this 
work could be done profitably in flight, the need was 
great for test equipment to enable study, under labora- 
tory control with full instrumentation, of the operating 
characteristics of engines under conditions which simu- 
lated flight throughout the range of altitude amt speed 
desired. 

Fortunately, these test facilities at tlie Lewis Labora- 
tory, although designed specifically for piston-engine 
research, could be adapted quickly for study of the 
turbojet engine. It was because of this, in 1943 when 
it was no longer necessary for the NACA to concentrate 
its propulsion research effort on piston engines, that 
the tools were in hand with which to begin intensive 
research on the powerplant which would revolutionize 
the world of aeronautics. 

Altitude facilities must duplicate in tlie laboratory 
the pressures and temperatures encountered at the alti- 
tudes and speeds simulated for the engines under test. 
Air pressure drops from 14.7 pounds per square inch 
at sea.level to 3.5 pounds at 35,000 feet and to 1.7 
pounds at 50,000 feet. At 100,000 feet it is down to 0.2 
pound. Air temperature drops from the NACA stand- 
ard of 59.5° F. at sea level to —67° at 35,000-100,000 
feet. The air entering the engines of an airplane is 
.subjected to a ram effect which causes a rise in both 
pressure and temperature. This ram effect becomes 
more pronounced as speed increases. For example, the 
ram effect experienced by an airplane flying at 35,000 
feet at twice the speed of sound (M-2) would result 
in a pressure rise from 3.5 to 27 pounds per square inch, 
and in a temperature rise from — 67° to 250° F. 

At the Lewis Laboratory there are two kimls of alti- 
tude facilities suitable for testing of full-scale engines. 
In one, the Altitude Wind Tunnel, an engine may be 
mounted in a wing or fuselage section, and a study 
made of air flow around the outside of the engine as 
well as tlirough it. 'When the tunnel was first used 
in 1944, it was for investigation of the operating char- 
acteristics of the General Electric 1-16, that company’s 
first improvement on the "WTiittle design, as installed 
in a Bell P-59. Originally, the tunnel could simulate 
a top speed of 500 miles per hour and an altitude of 
30,000 feet, but within a relatively short time it became 
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(Upper) Exterior ^iew of new faeUity at Lewis Flight Propulsion Laboratory where the largest turbojet 
engines now under development can be tested through their full range of power and altitude. (Lower) 
Interior view' of altitude tank opened up to show' test set-up for large-scale combustion tests. 
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necessary to duplicate altitude conditions of 50,000 
feet. During 1952, tlie capabilities of the tunnel wei‘e 
again increased substantially, by raising the original 
capacity of the exhausters, which evacuate the test 
chamber to whatever degree of vacuum is required to 
duplicate conditions at the desired altitude, from 200,- 
000 to 375,000 cubic feet per minute. 

The second type of altitude facility at the Lewis 
Laboratory for full-scale testing duplicates internal air 
flow conditions. This requires a ram air supply and 
a refrigeration system to duplicate the pressure and 
temperature conditions encountered over tlie range of 
flight speeds and altitudes desired. Exhausters sub- 
ject the gases leaving tlie engine to a pressure equivalent 
to the altitude conditions being simulated, and also 
provide cooling. To permit operation of the several 
“tanks” at Lewis, exhauster capacity of 400,000 cubic 
feet per minute was provided, enabling simulation of 
operating conditions at altitudes of 60,000 feet , and 
higher. 

Because the turbojet engine is basically an air-heat 
machine, its production of greater thrust is limited by 
the amount of air it can handle efficiently. In the feiv 
yeara this type of 2 >owerplant has been under develop- 
ment, its air-handling capabilities have increased enor- 
mously. The earliest engines handled hardly 25 pounds 
of air per second ; turbojet powerplants now in full pro- 
duction require 100 pounds of air per second or more, 
and tomorroAv’s engines will be even more voracious. 
During this same brief period tlie production of useful 
thrust has increased correspondingly from 1,500 pounds 
or less to more than 6,000. 

This rapid increase in the amount of air required by 
the more powerful turbojet engines has had the effect of 
forcing a similar scaling up of the machinery required 
to operate altitude testing facilities. At the Lewis Lab- 
oratory this increase in requirements has been met in 
two ways. 

First, the existing exhauster equipment has been con- 
nected by a system of cross piping, wliich enables the 
exliaustei’s to be operated collectively as a unit or indi- 
vidually. Similarly, the refrigerated air and combus- 
tion air production equipment has been linked for pool 
operation. From a central station the conti-ol engineer 
can i*eadily supply the test cells, with their particular 
air requirements. 

Second, a new research facility, the Propulsion Sys- 
tems Laboratory, was constructed. Incorporating many 
imiJrovements both in the altitude exhaust vacuum sys- 
tem and in the other process systems needed to provide 
altitude conditions, the new equipment has its own ex- 
haustere with a total capacity of 825,000 cubic feet per 
minute, which may be connected witli the other ex- 
hauster equipment at tlie Laboratory. 

Such facilities are vital in the investigation of the 
aircraft engines of today and tomorrow. Without them 


altitude research would be reduced to a crude cut-and- 
ti-y projection of information gained either from tests 
at sea level, or flight test which is becoming less jirac- 
ticableas engine performance potentials exceed the per- 
formance capabilities of test-bed airplanes. Used ef- 
fectively these laboratory facilities can contribute 
greatly to the further improvement of the i>owerplants 
specified for the faster, higher flying aircraft of 
tomorrow. 

FLUTTER PROBLEMS PRESENT NEW CHAL- 
IJENGE TO RESEARCH SQENTISTS 

Flutter, which had been effectively restrained if only 
imperfectly understood in pre-World War II days, has 
reappeared to challenge the best efforts of both the 
aerodynamicist and the structures specialist. Today’s 
airplanes, with their very thin, swept wings, fly at or 
near the speed of sound, and maneuver at very high 
altitudes. But their gains in iierfonnance have been 
at the cost of greater susceptibility to flutter. 

Flutter was a prions problem in World War I and 
for years afterwards. It manifested itself frequently 
during dives, sometimes so violently ns to cause the air- 
I)lane to disintegrate in flight. 

Basically, flutter is vibration of some part of an air- 
plane, excited by the imposition of air loads. Most 
early cases of flutter affected one of the airplane control 
surfaces, such as the aileroii, and a cure was found by 
the addition of mass balance to the affected part. In 
the 1930’s, Theodorsen delineated the fundamental 
mechanism of flutter, and methods were developed for 
calculating safe design limits. With increasing use of 
all-metal construction, the relatively slow airplanes of 
the day, Avhen designed on a strength basis only, wero 
sufficiently rigid and sturdy to escajie the occurrence 
of flutter. However, at the much faster speeds of to- 
day’s airplanes, and with the thinner, heavier and more 
flexible construction now used, airplanes must be de- 
signed for flutter as well as for strength right from the 
beginning. 

The .flutter problem has become more complex and 
difficult in the jmstAvar period as designers seek to use 
extremely tliin wings on airplanes to be flown ever 
faster, ever higher. In attacking the i>roblem, the 
vibratory characteristics of the structure have to be 
studied together Avith the nature of the air loads im- 
posed on the structure. It is necessary to consider the 
vibrational characteristics of many different tyi)es of 
wings. Tlie tliin wing, which does not remain undis- 
torted in its own plane, introduces a neiv complication. 
Once, if Avas sufficient to consider only the more simple 
vibrational characteristics. Now, it is being found that 
unless the flutter analyses take into account as many 
as possible of the characteristics, the results will be 
seriously in eiTor. 
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Structures specialist at Langley Aeronautical Laboratory checks instrumentation on dynamic model of 
-n-ings and tip tanks similar to those of modem high-performance fighter airplanes. When installed 
in a wind tunnel, the model will be used in flutter investigations. 
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At the higher altitudes tlie ratio of air density to 
airplane density becomes so low that different patterns 
of flutter vibration and altogether different flutter 
speeds (the lowest speed at whidi flutter occurs) may 
occur as the airplane climbs or dives from one altitude 
to another. Variable structural stiffness, and the dis- 
tortions resulting from aerodynamic heating, add fur- 
ther to the difficulty of tlie problem. 

In fact, flutter has become so. complex that scientists 
have been frustrated in attempts even to formulate it 
theoretically, much less suggest theoretical solutions. 
Much research is being devoted to theoretical attacks 
on the problem. Meantime, the most effective solutions 
are resulting from experimentation. 

Experimental research of two kinds is being con- 
ducted on flutter by the NACA. One requires separate 
investigations of the air loads on a vibrating wing, as 
well as the vibratory characteristics of. practical wings. 
The second involves measurement of the flutter speeds 
of actual wings. This latter method includes study of 
a group of wings which represent a systematic variation 
of some structural or geometric pattern. In this work, 
thousands of tests have been made using simplified 
models. Much of this researcli is perfoimed in wind 
tuimels, although for investigations of flutter in the 
transonic speed range, both free-falling and rocket- 
powered models have been used. 


Some of the newest airplanes, in particular large 
bombers, have relatively flexible, thin wings. On the 
span of these are located concentrations of weight, such 
as engines, fuel pods, rockets, etc. The variables, which 
must be considered in studying the vibration character- 
istics of such airplanes are so large that analysis is all 
but impossible. In these cases, testa are made using 
models which duplicate the dynamic characteristics of 
the full-scale airplane. 

The research scientist is using every resource at his 
command. Special pressure cells, having a fast re- 
sponse,' enable more accurate determination of the air 
loads which may cause flutter. Large, high-speed com- 
puting machines are being used to enable rapid mathe- 
matical consideration of a greater number of vibration 
characteristics for a wing under study. One of the 
large wind tunnels at the Langley Laboratory is being 
modified to enable round-the-clock flutter testing of 
dynamic models. 

Flutter today is, at best, an art, not a science. But 
unless flutter is to impose limitations upon perform- 
ance, the research scientist must learn how to rational- 
ize the many assumptions and cut-and-try simplifica- 
tions, now used in desperation, into reliable, useful 
theorj'. When that day comes, and only then, flutfer 
analysis will indeed have become a science. 
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STABILITY AND CONTROL AT HIGH SPEED 
IL\S BECOME CRITICAL PROBLEM 

Since the end of World War II, efforts by the United 
States and other powers of the world to fiy faster than 
sound have been so successful that during the past year 
American fighters in considerable numbers have repeat- 
edly engaged enemy fighters in combat in Korea at low 
supersonic speeds. But with the attainment of today’s 
higher speeds and higher altitudes, stability and con- 
trol problems have become greatly aggravated. By no 
means are these the only aerodynamic problems still un- 
solved, but satisfactory answers to them are imperative 
if our supersonic aircraft are to serve as steady gun plat- 
forms or as vehicles for precision bombing. 

In order that tlie problems could be attacked intel- 
ligently, it became necessary to be able to evaluate pre- 
cisely tlie measured or predicted stability and control 
characteristics of an airplane, and much study has been 
devoted to establish suitable stability and control re- 
quirements. These studies, in wliich the NACA par- 
ticipated, led to establishment of formal flying qualities 
specifications by the military services. Originally, the 
experience upon which these requirements were based 
had been in propeller-driven, straight-wing airplanes 
flown mainly below 30,000 feet; in recent years, similar 
studies have been conducted using jet aircraft. Tlie in- 
troduction of the liigh-thrust turbo-jet engine lifted 
both the operating speeds and altitudes to the point 
where radical changes in airplane design were required 
to realize the potential provided by the new engines. 

One result of the sharp rise both in speed and alti- 
tude has been a significant deterioration in dynamic 
stability. For example, when the steady flight of a 
propeller-driven, subsonic airplane is disturbed, as by 
a side gust, a lateral oscillation occurs which may be 
expected to subside quickly as the aircraft returns to its 
original steady flight. In the case of a supersonic 
flgliter, however, the same side gust might be expected 
to cause a more pronounced and rapid lateral oscilla- 
tion which would persist for a larger number of cycles 
before damping out. The problem, then, is to devise 
an '■‘aerodynamic shock absorber” which will give an 
acceptable degree of dynamic stability at the higher 
speeds now being attained. 

Extensive NACA flight research has been conducted 
at both the Langley and xVmes Laboratories, directed at 
isolating and analyzing the effects of lateral oscillation 
characteristics on the tracking performance of fighter- 
tj-pe airplanes, i. e., their suitability as a gun platform. 
One means of gathering such information has been 
through use of conventional fighter airplanes fitted with 
special mechanical or electrical devices which enable 
its dynamic stability — and consequently, its handling 
characteristics — to be varied in flight, thus simulating 
accurately these characteristics for a wide range of 


high-speed airplane designs. Three airplane types, a 
Grumman F-6-F, a Lockheed TO-2, and a North 
American F-86 have been so equipped. 

Use of variable stability aircraft provides a ready 
means not only of studying the flying qualities of ex- 
isting aircraft, but also of learning — in advance — how 
acceptable the dynamic characteristics of future super- 
sonic airplanes ^vill be to pilots. For example, the dy- 
namic stability and control characteristics of the 
Douglas D-558-II at high altitudes and liigh speed 
were simulated in tlie F-6-F so that research pilots 
could become well acquainted with them prior to actual 
flight at such speeds and altitudes. Pilots of the Air 
Force, Navy, and the aircraft industry, as weU as the 
NACA, have flown the F-6-F rigged to simulate the 
dynamic characteristics of several new airplane designs 
in preparation for initial flight tests. 

AlS more is learned about the range of lateral oscil* 
lation characteristics which will result in acceptable 
gim tracking or other tactical maneuvering require- 
ments, the problem becomes one of designing the air- 
plane to possess satisfactory oscillation characteristics 
without compromising seriously other fundamental 
performance requirements. E.xtensive NACA research 
results are enabling designers to improve dynamic be- 
havior in high-performance airplanes through varia- 
tions in aerodynamic design. Although it 1ms been 
found tliat the undesirable oscillation characteristics 
can be lessened by such attention to design detail, it is 
becoming increasingly apparent that to obtain satis- 
factory djmamic behavior over the range of flight 
speeds and altitudes now possible, purely aerodynamic 
means may not suffice. 

With respect to higher-speed aircraft, it appears that 
one logical method of obtaining desirable dynamic 
characteristics is the use of artificial-stability systems. 
In such devices, which are being used increasingly, the 
control surfaces are actuated automatically to improve 
the plane’s dynamic characteristics while the pilot re- 
tains control. A simple artificial-stability system 
measures the airplane’s directional motion, and trans- 
mits this information to a motor which moves the ind- 
der so as to damp the motion quickly. In a more com- 
plicated system, additional information may be fed into 
motors moving both the rudder and ailerons. 

But not even these powerful artificial-stability de- 
vices will enable sufficiently precise flight by tomor- 
row’s fighters. As flight speeds increase, the pilot is 
forced to perform a growing list of duties, with less 
time available in which to do them. Because of human 
limitations, it is necessary to use automatic-control 
equipment which assumes complete control of the air- 
plane during critical maneuvers. Such equipment ob- 
viously will be comple.x and may well be heavy. But 
it will compute and apply the necessary' corrective con- 
trol movements rapidly and accurately. 
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The foregoing is a brief account of but one segment 
of a many-pronged research attack by tlie NACA. to 
provide solution to the increasingly critical problems 
of stability and control in high speed flight. 

RESEARCH OFFERS HOPE FOR REDUCTION OF 
CRASH-FIRE HAZARDS 

Aeromedical research in recent years has shown that 
very high decelerations nan be withstood by a human, 
provided they persist for only an extremely short time. 
One consequence of tliis finding has been a realization 
that the number of survivals from crash-landing types 
of airplane accidents might be increased substantially 
if the fire which so often follows could be prevented. 
With modern air transports continuing to grow in pas- 
senger capacity, the potential good from discovery of 
ways of reducing shaiply the incidence of fii’e in crash 
landings becomes even greater. 

During the past 30 years a very considerable effort 
has been made to reduce aircraft fires. Work has been 
done by the Military Services, civilian agencies of the 
Government, educational institutions, fuel manufac- 
turers, and ’aircraft manufacturers and operators. 
These investigations in not a few instances have been 
extensive, but except in rare instances they were more 
concerned with seeking new methods of applying ex- 
tinguishing agents to a fire than in exploring the more 
fundamental “how’s” and “why’s” of crash fires. Nor 
had there been thorough assessment and verification of 
previous work, both in this country and abroad. 

The search for effective extinguishing agents witli 
which to quell fire is ages old. Two centuries ago 
Cavendish and Priestley were making inquiries into 
the fundamental nature of combustion, and from theii- 
experiments came awareness tliat if a minimum amount 
of oxygen was not present, there would be no fire. 
DoubUess, one impelling reason for these earliest of tlie 
scientific attacks upon the problem was the need to dis- 
cover methods whereby disastrous mine fires could be 
avoided or quickly quelled — a need that stUl persists. 

In the intervening years, hundreds, if not thousands 
of chemicals have been proposed to extinguish fire. Es- 
pecially in the case of fire, where only one “fuel” is being 
consumed, many of these agents have proved of great 
value. But an aircraft fire is seldom so simple. The 
“fuels” are many, and many sources of combustion are 
ever present. 

In 1947, a fire panel of research specialists was estab- 
lislied at the Lewis Flight Propulsion Laboratory, un- 
der the cognizance of the NACA’s Committee on Oper- 
ating Problems, and directed to review existing infor- 
mation about aircraft fires to determine what new or 
further research might offer promise of a substantial 
reduction of the aircraft fire hazard in flight and follow- 
ing crashes. During this survey, one fact stood out — 


precise knowledge about how aircraft fires were started 
and how they spread was essential. Hardly less critical 
was tlifi need for a better understanding of the basic 
actions of fire-extinguishing agents. 

To obtain guidance from specialists in planning fur- 
ther research on the pi-oblem, the NACA appointed a 
Subcommittee on Aircraft Fire Prevention. This 
group conceded that ultimate reduction of the fire 
hazard would not result from tlie application of any 
single improvement, but rather from “an integration 
into the airplane design and flight operation of neiv 
ideas and methods.” It recommended to the NACA 
that a massive attack on the problem be undertaken 
which would use aU of the research i*esources available. 
In addition to such fairly obvious effort as more thor- 
ough evaluation of all existing literature on the sub- 
ject and analysis of commercial aircraft accidents dur- 
ing a 10-year period, studies wei’e undertaken at the 
Lewis Laboratory to learn more about the fundamen- 
tals of combustion and ignition sources, and no less?, 
about Qifi chemistry of fire-extinguishing agents. 

In 1948 the NACA research panel made a prelimi nary 
report which noted that both small-scale and large- 
scale laboratory tests could be quite convincing, as in 
tlie demonstration of the retarded ignition, the slower 
rate of burning, and the generally leas explosive char- 
acter of low volatility fuel, the answer to the final ques- 
tion — would there be a reduction in the fire hazard 
from use of such fuel— could hardly be provided by per- 
formance of further laboratory bench tests. The con- 
sensus was that information at hand, or obtainable from 
use of laboratoiy techniques, failed to provide a clear 
picture of the mechanism of the crash fire. In addition, 
tlie problem was so complex as to make an analytical 
approach unpromising. 

Crash tests using multiengine, war-suiplus transport 
aiiplanes would be required to provide the tyjie of 
answer still needed to provide answere to the many 
questions. “The difficulty ... of the crash tests is 
recognized, but no other technique appears to serve 
the same purpose,” the subcommittee report observed. 

The Air Force in 1949 made available a number of 
war-weary C-46 transports and C-82 cargo planes for 
the full-scale crash fire investigation, and the Army 
provided suitable space at its Bavenna Arsenal, in 
Southern Ohio, for the work. The crashes simulated 
a take-off accident in which the airplane fails to be- 
come airborne; strikes an embankment; sliears off the 
propellers and the landing gear ; strikes trees or poles ; 
ruptures the fuel tanks,’and then skids along the ground 
to a stop. In this type of crash, fuel and oU lines 
within the engine nacelles are often broken, and the 
maximum array of potential ignition sources is present. 
The tests contained the elements of a very severe fire 
hazard, but from the standpoint of impact, such crashes 
were considered to be survivable for a majority of the 



REPORT ^’ATIONAL AD\-ISORY COilMITTEE FOR AERONAUTICS 


11 


plane occupants. In the tests the airplanes, loaded 
with more tlian 1,000 gallons of fuel and with their 
engines at full throttle, moved down a 1,700-foot run- 
way to the crash barrier. A monorail, to which the 
planes were hooked, kept them on course. 

High-speed motion picture cameras, located at seven 
points around the crash area, provided a detailed pho- 
tograpic record. The planes themselves carried a 
specially-constructed fire-proof, shock-insulated box 
filled vrith instrumentation to measure temperature, 
combustible vapors, and decelerations. Also, instru- 
mentation was provided to detect fuel-line failures and 
short circuits or arcs. Timing lights on the planes 
synchronized the cameras located outside with those 
in the instrument box. A total of 102 tliermocouples, 
heat registering devices, were installed in the engine 
nacelles, wing and fuselage, to detect the origin and 
spread of fire throughout the aircraft structure. 

During the course of the crash tests, attention was 
given, whenever possible, to obtaining information that 
might be helpful in improving the crash-worthiness of 
aircraft structures. 

Results of the program to date include a much clearer 
understanding of the mechanism of an aircraft crash 
fire — why and how a fire starts and spreads. Because 
the current research was conducted with modem air- 
craft and moie complete instrumentation than previ- 
ously had been possible, the findings pennitted an 
appreciation of important factors in tlie problem 
heretofore not fully recognized. 


For example, the manner in wliich lubricating oil or 
hydraulic fluid might first be fired under temperature 
conditions too low to ignite the gasoline fuel was studied 
in detail. These oil or hydraulic fires then would serve 
as a torch to ignite the fuel, either in vapor or liquid 
form. Also, it was observed that cutting the ignition 
switch on the engines, before the flow of fuel had been 
stopped, sometimes resulted in fire, as the fuel passed 
through tlie engines and was ignited by the hot metal of 
the tail pipes. 

Once tlie series of crash tests had enabled rather pre- 
cise establislimeut of a “standard” set of ignition 
sources, as well as a better understanding of how the 
fires, once stai-ted, spread, modifications in the crash 
procedure were made to discover otlier ignition sources. 
For example, the plane was made to ground loop, by 
knocking off only part of the landing gear. Another 
modification raised the contact angle, between plane and 
gromid, at point of crash to cause more damage to tlie 
belly of the plane during impact. One by one, ignition 
sources — such as electrical wiring, hot metal surfaces 
of engine exhausts, etc. — were identified and evaluated. 

Results of the work performed to date indicate sig- 
nificant reductions in the crash-fire hazard can be real- 
ized. Wliat, specifically, needs to be done is currently 
classified because of military application of the data, 
but the information has been made available both to 
the manufacturing industry and operational personnel 
of the air transport companies. Further researcli, now 
in progress, offers the hope of still greater reduction of 
the crash-fire hazard. 



12 


REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAtTITCS 



8 


The six high-speed photographs on these tM’o pages show the crash procedure followed by research scientists 
of the Lewis Flight Propulsion Laboratory in the study of the sources of fire ignition and ways to 
prevent fire. In this crash the embankment was shaped so as to cause the airplane to ground loop. 
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In photo 1, the airplane approaehes the barrier, engines at full throttle. In 2, it has hit the barrier. Photo 
3 shows struetural damage as the airplane begins to ground loop. In photo t it is skidding along the 
ground. Photos 5 and 6 show' the fire hazards residting from sueh a erash. 


AERODYNAMIC RESEARCH 


During the past year experimental flights with piloted 
research aircraft have been extended to higher altitudes 
and speeds thaii previously attained in man-carrying 
aircraft. Tliese successes, however, have served again 
to indicate critical new research problems and also to 
re-emphasize some problems previously recognized. As 
a consequence, it has been necessary to redirect certain 
aerodynamic research programs in an effort to provide 
the information required in the design of efficient 
transonic and supersonic aircraft. These much-needed 
research data are not onlj' being obtained by rocket- 
powered supersonic free-flight models and experiments 
in subsonic and supei’sonic wind tuimels, but also from 
investigations through the speed of sound in tlie Com- 
mittee’s new transonic wind tunnels. The scope of the 
problems now being emphasized is broad and includes 
detailed studies of factors affecting dynamic stability 
and performance at transonic and supersonic speeds. 
It has also been necessary to continue fundamental re- 
search on aerodynamic flows, not only at liigh super- 
sonic and hypersonic speeds, but also at subsonic speeds, 
in an effort to establish new concepts which might offer 
promises of large gains in aircraft and missile per- 
formance. 

The accomplishments of the Committee’s laboratories 
during the past year and the new research programs 
which have resulted have been followed closely by tlie 
Committee on Aerodynamics and its Subcommittees on 
Fluid Mechanics, High-Speed Aerodynamics, Stability 
and Control, Internal Flow, Helicopters, Propellers for 
Aircraft, and Seaplanes. These aerodynamic subcom- 
mittees have also aided in the planning and integra- 
tion of research programs in tlois major field of JTACA 
activity. 

In order to promote the early use of research results 
in the design and development of airplanes and mis- 
siles, the practice of holding technical conferences with 
representatives of the military services and the aircraft 
industry was continued during the past year. A tech- 
nical conference on the aerodynamic design problems 
of supersonic guided missiles was held in the fall of 
1951 at the Ames Laboratory. A similar conference on 
high-speed airplane aerodynamics was held at the 
Langley Laboratory in December 1951. 

In the sections which follow, descriptions are given 
of some of tlie Committee’s recait unclassified work in 
aerodynamics. 


FLUID MECHANICS 

Theoretical Aerodynamics and Gas Dynamics 

In Technical Note ii748 work has been continued on 
the gerieral problem of whether a smooth two-dimen- 
sional potential flow jiast a prescribed solid boundary 
can exist at stream Mach numbers exceeding the critical 
value. The solid boiindaiy chosen in this work is a 
sinusoidal wall extending to infinity in both directions. 
Sei'eral new results of considerable importance have 
been ol^ained since the initial phase of this problem 
was completed and published as Technical Note 2383 
(reported in the last annual report) ; they are: (1) A 
procedure has been developed for the analytic solution 
of the recursion formulas which arise from the method 
of integration in series and (2) a numerical test of con- 
vergence, applied to the power series in the transonic 
similarity parameter representing the local Mach num- 
ber distribution at the boundary, definitely shows that 
smooth symmetrical potential flow past the wavy wall 
is no longer possible once the critical value of the 
stream Mach number has been exceeded. 

The basic concepts and assumptions involved in the 
derivation of the transonic similarity rules have been 
reviewed and discussed in Teclinical Note 2687i TThe 
region of valid application of the rules is drown to be 
restricted to Mach numbers close to unity. It is pointed 
out, however, that theoretical grorrnds exist for using 
the transonic similarity parameters ns a means of extra- 
polation for thickness-ratio effects in the range of thick- 
ness ratios of main interest in current transonic air- 
craft desigir. 

The use of the method of characteristics for the solu- 
tion of supersonic-flow problems requires numerical 
procedures whicli are lengthy and involved aird which 
must be repeated for each set of boundary conditions. 
In Technical Note 2515 a method for linearization of 
the method of characteristics is presented. It has been 
assumed in the method that the flow field can be repre- 
sented as a basic flow field determined by nbnlinearized 
metliods and a linearized superposed flow field that ac- 
counts for small changes in borrndary conditions. Tlie 
method has been applied to two-dimensional rotational 
flow where the basic flow is potential and to axially 
symmetric problems where conical flows have been used 
as the. basic flows. The method has also been applied 
to slender bodies without symmetry and to some three- 
dimensional wing problems where two-dimensional 
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flows can be used as the basic flow. Both, of these latter 
problems were unsolved before in the approximation 
of nonlinearized flow. 

In Technical Xote 2630, a solution of the Xavier- 
Stokes equation for source and sink flows of a viscous 
heat-conducting compressible fluid is presented for the 
case of constant total-flow energy. The nature of the 
general solutions for flow with arbitrary Prandtl num- 
ber and with heat addition is discussed; furthermore, 
the manner in which tlie familiar heat-conduction ef- 
fects combined with the peculiar viscous effects solely 
due to compressibility, sometimes called the longitudi- 
nal viscous effects, influence the flow tlirough a curved 
minimum section joined to a sink flow is discussed. A 
discussion of the second viscosity coefficient from tire 
gas-dynamics approach is also given. 

■ The flow about curved airfoils has been investigated 
analytically at high supersonic speeds assuming air 
behaves first as an ideal and then as a calorically im- 
perfect gas. Effects of caloric imperfections are mani- 
fested in disturbed flow fields at high ilach numbers. 
It has been found in a first investigation reported in 
Technical Xote 2646 that for ideal gas flows tlie shock- 
expansion method accurately predicts pressures on 
curved airfoils over wide ranges of deflection angles 
at liigh Mach numbers. The shock-expansion method 
and the method of characteristics were generalized to 
consider the caloric imperfections of air at local tem- 
peratures up to 5,000° E. A second investigation re- 
ported in Technical Note 2T29 has been completed which 
treats in detail the characteristics of supersonic flow in 
the region of the leading edge of curved airfoils. Charts 
and tables are presented to facilitate the determination 
of the flow properties for the case of air behaving as 
an ideal gas and also for air behaving as a calorically 
imperfect gas. 

Technical Note 2546 presents the results of an in- 
vestigation to measure the true viscosities of nitrogen 
and air at 306° and 273° K. at pressures from 500 to 
0.0005 millimeter of mercury and at 194° and 79° K. 
at pressures down to 0.3 millimeter of mercury. In 
the region in which the thickness of the gas layer is 
many times the mean free path of the gas, the “slip 
coefficient” (defined as the proportionality constant 
existing between the slip velocity and the velocity gra- 
dient) was found to show a linear dependence on the 
inverse pressure down to about 0.02 millimeter of mer- 
cury. In the region in which the pressures are suffi- 
ciently low to permit the neglect of collisions between 
molecules, theory has indicated that the viscous drag 
should be directly proportional to the pressure and in- 
versely proportional to the square root of the tempera- 
ture. Results of this investigation indicate that this 
relationship was reached at pressures a little below 0.02 
millimeter of mercury. This work, was conducted at 
Ohio State University under contract with the NACA- 


In a contract study, Iowa State College reviewed the 
literature on sonic studies of the problem of the excita- 
tion of molecular vibrations by collision and reported 
ri»e work in Technical Note 2537. Tlie theory on which 
“ the interpretation of almost all the sonic work has 
been based is discussed rather qualitatively in some 
detail. The principal experimental programs are de- 
scribed and a table of most of the available results is 
included. 

An analysis has been reported in Technical Note 
2511 which treats transition flows over two cylindrical 
surfaces by an iteration procedure. The velocities near 
the midchord, the critical free-stream ilach numbers, 
and tlie extent of the isentropic supersonic regions were 
calculated to four approximations for a Kaplan section 
and to six approximations for an elliptic section. The 
results are presented as an expansion in powers of the 
Karman transonic similarity parameter and its maxi- 
mirni value for the convergence of the expansion was 
estimated in each case. 

In Technical Note 2725 expressions are derived for 
computing the form of an oblique shock wave as it 
passes through supersonic regions in which the static 
pressure, stagnation pressure, and stagnation tempera- 
ture have in the general case arbitrary, continuous var- 
iations. For the particular cases of passage through 
supersonic shear flow and through Prandtl-ileyer flow, 
computation is simplified by means of charts of shock 
angle against upstream ilach number. 

At New York University imder contract to the 
NACA, a solution for compressible fluid flow past an 
elliptic cylinder by means of the variational method has 
been obtained and reported in Technical Note 2666. 
The solution was obtained as a function of thickness 
ratio and free-stream ilach nimiber. Numerical exam- 
ples have been carried out for several thicknes ratios 
and ilach nmnbers and the results have been compared 
with those obtained by other methods. It is shown 
that the variational method yields good results for 
flow past a thick body at a low ilach number as well 
as for flow past a thin body at a liigh ilach number. 

The variational method also has been applied by New 
York University under NACA sponsorship to transonic 
flows with sliock waves and the results are presented 
in Technical Note 2539. By modifying Bateman's 
variational principle for irrotatioual flows, it is sliown 
that a variational principle for Sows with rotation 
and variable entropy can be obtained. By applying 
this variational principle to the regions of flow behind 
shock waves and , Bateman’s original principle to the 
other regions in tlie fluid, shock equations can be di- 
rectly obtained. A procedure for computing numerical 
solutions for such flows is suggested, and a numerical 
example is carried out. Above certain limiting high 
JIach numbers the results show that irrotational flow 
fails. However, by inserting shock waves and allowing 



16 


REPORT. NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


a part of the flow to be rotational, computation in- 
dicates that a solution exists again. 

The flow behind the attached curved shock near the 
nose of an axially symmetrical body placed in a uni- 
form stream has been investigated at the Massachusetts 
Institute of Technology under NACA contract by con- 
sidering the perturbations from the initial Taylor-Mac- 
coll conical solution. The first-order perturbation 
yields tlie ratio between the initial radii of curvature of 
the shock wave and tlie body. When higher-order per- 
turbations are included, a regular shock wave near the 
nose leads to a body shape which has a logarithmic 
singularity at the nose. It seems, therefore, tliat, for a 
given regular body, tlie shock-wave shape probably has 
a singularity at the vertex, altliough the initial radius 
of curvature remains finite. Numerical results have 
been obtained (Technical Note 2505) for the first-order 
perturbation equations, covering the cases with initial 
semivertex angle or 10°, 20°, and 30°, each at five differ- 
ent Mach numbere ranging approximately from the 
minimum 1 for an attached conical shock to a value 
aroimd 5. 

The method of power-series expansion in solving the 
local floAV pattern behind a detached shock was proposed 
by Lin and Rubinov. In Teclinical Note 2506 the limi- 
tations of the metliod are discussed and the practical 
procedure for approximating the power series with a 
2ntli-degree polynomial by cutting off the remaining 
tenna is investigated. This work was also conducted 
at the Massachusetts institute of Teclinology under 
NACA sponsorship. 

At Johns Hopkins University an investigation of the 
hodograph method as it is applied in general to the 
problem of compressible flow has been made under con- 
tract to the NACA and is reported in Technical Note 
2582. In tills report the hodograph equations are given 
in various canonical forms which are convenient for 
obtaining solutions in the different flow regimes. 

In Technical Note 2451 tlie Poisson integral involved 
in tlie determination of the change in velocity distribu- 
tion resulting from a diange in airfoil profile in parallel 
incompressible flow is solved. First, three weU-devel- 
oped numerical metliods of evaluating this integral, all 
based on the division of the range of integration into 
small equal intervals, and the difficulties involved in 
each method, are discussed. Then a new metliod, based 
on tlie use of unequal intenmls, is developed, and com- 
pared with the other methods by means. of several exam- 
ples. The new method is found to give good results for 
both the direct and invmse airfoil problems and is 
easily adaptable to rather complicated problems. It is 
particularly recommended for all those functions where 
steep slopes exist in small portions of the region to be 
integrated. This work was conducted at Stanford Uni- 
versity under NACA contract. 


The flow of a compressible fluid tlu'ough a channel 
having locally supersonic regions has been studied by 
using the Triconii equation in the hodograph variables 
as an approximation in the sonic region to the equa- 
tion of flow of an irrotational, inviscid gas. It is 
sliown in Technical Note 2547 that this is equivalent 
to studying the flow of a gas liaving a pressure-density 
relation matching the isentropic relation to the third 
derivative at the sonic point. A one-parameter family 
of solutions of the Tricomi equation is used which pro- 
vides symmetrical accelerated-decelerated flows. The 
variation of this parameter alters tlie Mach number at 
the center of the throat, the velocity distribution and 
gradient along the center streamline, as well as the 
shape of the channel. As specific examples, flows are 
computed having Mach numbere equal to unity and to 
0.86 at tlie center of the throat section. Constant- 
velocity lines are plotted and it is found that the velocity 
gradient becomes zero at tlu-ee places along each stream- 
line outside of a limiting streamline for values of the 
parameter greater than zero (M < 1 at center of throat 
section). For the parameter equal to zero (M = 1 at 
center of throat section) , the velocity gradient along 
the streamlines and the curvature is discontinuous at 
all points of the two characteristics which meet the 
center streamline. Other solutions to the Tricomi equa- 
tion are discussed which may be used to formulate chan- 
nel flows. The exact nature of these flows has not yet 
been investigated. This work was conducted at Brown 
University under contract to the NACA. 

The theory initiated by Prandtl and Taylor on the be- 
havior of turbulence carried through a wind tunnel 
contraction has been extended in Technical Note 2606 
principally by introduction of the spectrum concept. 
Thereby, the selective changes in tlie components of 
turbulent intensity have received a more accurate treat- 
ment. In addition, contraction-induced changes in the 
spectrum and correlation tensors have been considered 
for the first time and marked changes in the one-dimen- 
sional longitudinal spectrum, that recorded by a liot- 
wire instrument, have been predicted. 

In an investigation at tlie National Bureau of Stand- 
ards sponsored by the NACA a generalized potential 
theory applicable to nonadiabatic and rotational flow 
has been developed. With the use of this theory the ac- 
tion of heat sources on the flow has been studied, and the 
heat delivery in a compressible flow at subsonic and 
supersSnic speeds has been calculated. The results, 
which are presented in Technical Note 2436, shoiv the 
effect of compressibility and the nonlinear cooling. 
Applications of the results to hot-wire anemometry are 
discussed. 

In ah investigation carried out at the California In- 
stitute of Technology under contract with the NACA, 
measurements of the spectrum and correlation func- 
tions at large Reynolds number (RN » 10® based on the 
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grid, mesh) have been made, as well as a series of ac- 
curate spectrum measurements at lower Reynolds num- 
ber (RN as 10^) . Tlie results are presented in Technical 
Note 24T3 and are compared with theoretical laws pro- 
posed in recent years. 

Boundary Layers and Turbulence 

A simplified procedure has been developed for the 
calculation of compre^ible laminar boundary layers 
with arbitrary free-stream pressure gradients. The 
analysis, based on the Karman-Pohlhausen integral 
method, is presented in Technical Note 2531. The re- 
sults enable velocity and temperature profiles, momen- 
tum and displacement thickness, and wall sliear stress 
to be obtained for flows over both two- and three-dimen- 
sional bodies. 

The laminar compressible boundary layer over an 
insulated flat plate moving with time-dependent veloc- 
ity has been given detailed analysis in Technical Note 
24T1. A technique is given for predicting whether the 
motion is quasi-steady or if the classical “starting from 
I’est” solution applies. Computations are made to show 
deviations of the velocity and temperature profiles from 
tlie quasi-steady state. The method may also be applied 
to determine whether quasi-steadiness may be assumed 
in problems involving unsteady laminar flows with 
pressure gradient and probably unsteady turbulent 
boundary layers as well. 

An analysis of the laminar boundary layer on a circu- 
lar cone at angle of attack to a supersonic stream has 
been presented in Technical Note 2521. A perturba- 
tion technique is employed to determine the influence 
of small angle of attack on such boundary-layer quanti- 
ties as skin friction, boundary-layer thickness, viscous 
lift, drag, and pitching moment. 

In Technical Note 2722 a method is presented for 
determining the “displacement surface” of a known 
three-dimensional boundary-layer flow in terms of the 
mass flow defects associated with the profiles of the 
two velocity components parallel to the surface. Sev- 
eral examples are discussed and numerical values given 
for the specific case of a cone at small angle of attack 
to a supersonic stream. 

An analysis of the effect of slip on compressible lami- 
nar boundary-layer sldn friction has been made and is 
presented in Technical Note 2609. The extent to which 
the no-slip boundary-layer theory is valid and the mag- 
nitude of the slip effect are discussed. 

An experimental investigation has been conducted in 
tlie Langley low-turbulence pressure tunnel on an 
NACA 64A010 airfoil section equipped with 82 suction 
slots f41 per surface) for the purpose of increasing 
the e.xtent of laminar boundary-layer flow. The re- 
sults of this investigation, presented in Technical Note 
2644, indicated that laminar flow could be maintained 
over 91-percent chord up to Reynolds numbers as high 


as 10 X 10®. This result, however, was obtained on 
only one surface of the model. On the assumption that 
both' surfaces of the model could have been made equally 
effective in maintaining laminar flow, a drag coefficient 
of about 0.0024 (including the drag coefficient equiva- 
lent of the suction power) would have been obtained as 
compared with 0.0042 for the plain smooth airfoii. 
One significant observation was the increasing difficulty 
encountered in obtaining full-chord laminar flow at 
higher Rejmolds numbers because of the increasing 
sensitivity of the flow to minute surface irregularities 
and slight inaccuracies of slot-entry contour. 

In order to investigate the possibility that an in- 
crease in boundary-layer thickness in regions of pres- 
sure gradient and flow through the surface can increase 
the local critical Reynolds number more than the local 
boundary-layer Reynolds number, computations have 
been made (Technical Note 27.52) by combining tlie 
Schlichting method for the computation of the laminar 
boundary layer with the Lin method for the calculation 
of the critical Reynolds number of a velocity profile. 
Tlie computations indicate that, in a region of falling 
pressure on an impervious surface, an increase in 
boundary-layer thickness can cause the velocity-profile 
shape to be changed enough by the increase in effective 
pressure gradient to increase the ratio of the local criti- 
cal Reynolds number to the local boundary-layer Rey- 
nolds number. 

In order to obtain some information on the effects of 
an axial velocity on flow fields involving turbulent mo- 
tion, an experimental investigation was made of the 
pressure distribution about a circular cylinder 5lt vari- 
ous angles of yaw. The results, presented in Technical 
Note 2463, indicate that the flow and force characteris- 
tics in the range of Rejmolds number near and above 
critical, based on noimial velocity components, cannot 
be determined by only the component of flow normal to 
the cylinder axis. For example, the critical Reynolds 
number decreased and the supercritical drag coefficient, 
based on the flow normal to tlie leading edge of the 
cylinder, increased with an increase in the angle of j'aw 
up to 60°. In addition, the localized regions of laminar 
separation that appeared in the supercritical range of 
Reynolds number on the unj'awed cylinder were not as 
well defined at yaw angles of 15° and 30° and com- 
pletely disappeared at yaw angles above 45°. 

The Von Karman momentum equation gives a rela- 
tion between the changes in boundary-layer momentum 
and the external stresses of pressure gradient and wall 
shear, which applies equally as well for turbulent 
boundary layers as for laminar boundary layers. For 
turbulent boundarj' laj'ers, however, problems arise in 
the interpretation of momentum and in the application 
of the equation to experimental data. A study of the 
Von Karman momentum relation with respect to its 
application to turbulent boundarj' laj’ers in a positive 
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pressiu’e gradient is presented in Technical Note 2571. 
Although this momentum relation for turbulent bound- 
ary layers contains momentum terms due to the fluctu- 
ating motion as v’ell as momentum terms due to the 
mean motion, the general practice has been to neglect 
the momentum terms due to the fluctuating motion. 
Data were obtained from Technical Note 2133, reported 
in the last annual report, and Technical Memorandum 
1285 with which tlie terms due to both the mean flow 
and the fluctuating flow could be evaluated. The re- 
sults indicate that the streamwise derivative of the 
turbulent longitudinal momentum may be large near 
separation and therefore should be considered when the 
Von Karman momentum relation is used for turbulent 
boundary layers near separation. 

There is presented in Technical Note 2692 a deriva- 
tion of the form of the incompressible turbulent skin- 
friction flow for an insulated flat plate made in such a 
way that it may be extended to compressible flows. 
The ratio of compressible to incompressible skin friction 
is obtained and tlie results are sliown to be in agree- 
ment with existing experimental results. 

A number of the most promising integral methods 
for solving the compressible-laminar-bomidary-layer 
equations approximately have been investigated in 
order to determine a computationally convenient and 
sufficiently accurate method of calculating boundary- 
layer characteristics. The chief methods considered 
were tlie one-parameter Karman-Pohlhausen method, 
with three different a^umptions for the velocity pro- 
files, and the two-parameter method, with two different 
assumptions for the velocity profiles. Comparisons 
have been made witli exact solutions for skin- friction 
and heat-transfer coefficients, velocity profiles, velocity 
derivatives, and especially laminar-boimdary-layer sta- 
bility. It was found that the Kannan-Pohlhausen 
metliod witli a sixth-degree polynomial as the velocity 
profile is the most suitable for many practical purposes. 
This work was carried out at tlie Poytechnic Institute 
of Brooklyn under contract to the NACA and is pre- 
sented in Technical Note 2655. 

Theoretical analyses of the effect of slip on the flow 
of a rarefied gas near a stagnation point and in a 
boundary layer on a flat plate have been made at the 
University of Califoniia under contract wdtli the 
NACA. The results, presented in Technical Note 2568, 
indicate iliat tlie stagnation pressure is increased be- 
cause of the effect of slip but that there is a negligible 
effect on the flat-plate skin-friction coefficient in the 
range of application of the analysis.- 

A device has been developed at the California Insti- 
tute of Teclmology to measure local skin friction on a 
flat plate by measuring the force exerted upon a very 
small movable part of the surface of a flat plate. These 
forces, which range from about 1 milligram to about 
100 milligrams, are measured by means of a reluctance 


measuring device. The apparatus was first applied to 
measurements in the low-speed range, both for laminar 
and turbulent boiuidary layers. The measured skin- 
friction coefficients show excellent agreement with 
Blasius* and Von Kannan’s results. The device was 
then applied to high-speed subsonic flow and the tur- 
bulent-Sdn-friction coefficients were determined up to 
a Mach number of about 0.8. A few measurements in 
supersonic flow wei’e also made. This research, carried 
out under contract with the NACA, is described in 
Technical Note 2567. 

At tlie Massachusetts Institute of Technology several 
studies of Von Kar man's similarity tlieory and its ex- 
tension, to compressible flows have been made under 
NACA. sponsorship. Technical Note 2541 presents the 
results of a study of Von Karman’s similarity theory, 
with regard to turbulent shear flow, by using the mod- 
ern concepts of Kolmogoroff. It was found that the 
original form of the theory is supported by modern 
concepts. As an application of the concepts presented 
in Technical Note 2541, the problem of turbulent bound- 
ary layer over a flat plate in compressible flow has 
been treated (Technical Note 2542). In parallel w’ith 
Von Karman’s theory in incompressible flow, the simi- 
larity scales for all the flow variables are derived. Two 
possible length scales were found, and the significance, 
discussed. In Technical Note 2543 an investigation of 
the turbulent-boundary-layer flow over a flat plate in 
compressible flow has been carried out on the basis of 
the scheme establislied in Technical Note 2542. 

An investigation conducted at the National Bureau 
of Standards imder NACA sponsorship is reported in 
Technical Note 2475 whereby the feasibility of arti- 
ficially thickening a turbulent boundary layer on a flat 
plate was studied. The rex^ort shows that it is possible 
to acepinplish substantial thickening and to obtain a 
fully developed turbulent boundary layer which is free 
from any distortions introduced by the thickening 
process. Such a boundary layer should be a suitable 
medium for fundamental research. For example, it is 
showm that the turbulence in the outer portion of the 
boundary layer has an intermittent character. 

Aerodynamic Heating and Heat Transfer 

One of the fundamental factore in determining heat 
ti’ansfer at supersonic speeds is Uie boundary-layer tem- 
perature-recovery factor. An experimental investiga- 
tion reported in Technical Note 2664 gives values of (he 
recovery factor of 0.885 ±0.011 for turbulent boundary 
layers on a 10° cone and on a 40° cone-cylinder, at Mach 
numbers from 2.0 to 3.8. The location of boundary- 
layer transition in these experiments was found to be 
dictated by the test facility. 

Measurements have been made of the local rates of 
heat transfer through laminar and turbulent boundary 
layers nn a cooled flat plate at a Mach number of 2.4. 
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Data were obtained for a Reynolds number range of 
0.15 million to 3.0 million and for nominal surface 
temperatures of —40° to 45° F. The temperature- 
recovery factory obtained from the heat- transfer data, 
agreed well with previous experimental flat-plate re- 
sults. The investigation is reported in Technical Note 
26S6. 

Measurements of average and local skin-friction co- 
efficients for laminar flow on a flat plate are reported 
in Technical Note 2T40. The tests were conducted at 
a Mach number of 2.4 over a Reynolds number range 
of 0.72 X 10® to 2.8 X 10*. 

A method for solving the laminar boundary-layer 
equations for compressible flow, in the absence of a 
pressure gradient has been developed (Technical Note 
2490) without imposing restrictions on the thermal 
properties of the fluid medium. Velocity and tempera- 
ture proflles and boundary-layer characteristics have 
been computed for ilach numbers from 1 to 10, utiliz- 
ing experimental values of the heat capacity, viscosity, 
and conductivity. The analysis shows that an effective 
temperature, which is a function of the surface tem- 
perature and stream conditions and is similar to the 
recovery temperature, arises naturally and is the proper 
reference temperature to be used in heat-transfer cal- 
culations. The effective temperature and the recovery 
temperature became identical for the condition of zero 
heat transfer. The recovery factor and tlie analogous 
effective-temperature function decrease substantially 
with increasing values of Mach number. 

An experimental and analytical investigation has 
been conducted at the Jolms Hopkins University under 
contract with the NACA to study some features of the 
turbulent heat diffusion behind a heated wire perpen- 
dicular to a flowing isotropic turbulence. The mean 
temperature distributions have been measured with sys- 
tematic variations in wind speed, size of turbulence- 
producing grid, and location of heat source. The 
nature of the temperature fluctuation field has been 
studied and the results presented in Teclinical Note 
2710. 

HIGH-SPEED AERODYNAanCS 

Airfoils 

The results of a wind-tunnel investigation performed 
in the ^bnes 1- by 3%-foot tunnel to determine the 
liigh-speed subsonic characteristics of several NACA 
6-series airfoil sections are presented in Technical Note 
2670. The more important objectives of this investiga- 
tion were to provide aerod^mamic data for these air- 
foils, to determine the optimum chordwise position of 
the point of minimum pressure, and to measure the bene- 
fits of reducing the maximum thickness-chord ratio. 
The results of the investigation indicate that 6-series 
airfoil sections with the position of minimum pressure 


ne ar the 40-percent-chord point po^ss optimum over- 
all aerodynamic characteristics at liigh subsonic speeds. 
Significant improvement in the drag characteristics of 
these airfoils was found to result from reduction of the 
maximum thickness. In addition, it was determined 
that the accompanying reduction in range of lift coef- 
ficient for good high-speed section characteristics was 
much less severe than had been predicted from theoreti- 
cal analysis. 

Supersonic profiles of minimum pressure drag for a 
given thickness ratio and for a given area have been 
determined witli the use of a nonlinear pressure rela- 
tion and have been compared with minimum-drag pro- 
files determined by linearized theory. The results show 
that the profiles are determined with sufficient accuracy 
by linear theory over the entire supersonic Mach num- 
ber range and that linear theory appears to be adequate 
for determining profiles of minimum drag for other 
auxiliary structural conditions since moderate devia- 
tions from the optimum shape have only a small influ- 
ence on the pressure drag. A comparison of the pres- 
sure-drag coefficients for optimum profiles determined 
bv linear and nonlinear theory has been made for the 
siach number range from 1.5 to 10.0. In addition, sev- 
eral optimum profiles for a given area have been cal- 
culated by both the linear and nonlinear theory. The 
results aie presented in Tec h n i cal Note 2623. 

A velocity-correction formula has been proposed for 
calculating, from the known ilach number distribution 
for a diamond-shaped airfoil at a stream Mach number 
of 1.0, the Jlach number distribution on the same air- 
foil at speeds from a Mach number of about 0.8 to the 
shock-attachment Mach niunber. The time required to 
calculate these additional ilach number distributions 
is small in comparison with the time required by rigor- 
ous methods. The accuracy of the results for stream 
Mach numbers near 1.0 is of the same order as the ac- 
curacy of the known ilach number distribution, ilore- 
over, the results tend to become exact as the rtream 
Mach number is increased toward that for shock at- 
tacliment. An expression for the rate of change of 
local ilach number with stream ilach number has been 
derived, and an explicit equation for the drag coeffi- 
cient as a function of stream ilach number and thick- 
ness ratio has been obtained. The results of this work 
are presented in Technical Note 2527. 

Similarity rules for the transonic flow about lifting 
wings Imve been derived in Technical Note 2724 by 
considering the cliange in the flow field due to angle of 
attack as a small perturbation to the noulifting flow 
field. This approach has the advantage that the effects 
of angle of attack and airfoil geometry are partially 
separated. The lift coefficient was found to be propor- 
tional to the angle of attack as in otlier speed ranges. 
Other results are that the drag due to lift is proportional 
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to the square of the lift coefficient as in other speed 
ranges and that the expression for the ratio of lift to 
drag is very similar to that obtained at supei-sonic 
speeds. The maximum value of the lift-drag ratio was 
found to be approximately inversely proportional to the 
first power of the wing thickness ratio for cases in which 
the skin- friction drag is negligible compared with the 
pressure drag. For cases where the angle of attack is 
large compared with the thickness ratio, the lift coeffi- 
cient is proportional to the angle of attack to the two- 
thirds 2 >ower. Since the effects of angle of attack and 
wing geometry are partially separated, the present form 
of the similarity rules is useful for correlation work. 
Experimental data indicate that such a correlation will 
be possible for a lift-coefficient range extending beyond 
the lift coefficient for maximum lift-drag ratio. Many 
interesting results may thus be presented in terms of the 
similarity rules for low lift coefficients. It is shown 
tliat the transonic similarity rules are valid at subsonic 
speeds but are more complicated in that range than 
the well-known Prandtl-Glauert rules. 

Interferometer measurements of the flow fields near 
two-dimensional Avedge and circular-arc sections at 
zero angle of attack at high-subsonic and low-super- 
sonic velocities have been obtained at the California 
Institute of Technology in an investigation conducted 
under contract witli the NACA. Botli subsonic flow 
with a region of local supersonic flow and supersonic 
flow with a detaclied sliock wave have been investi- 
gated. Pressure distributions and drag coefficients as 
functions of Mach number have been obtained and are 
compared with the theoretical work of Guderley and 
Yoshihara, Vincenti and Wagoner, and Cole on flow 
past wedge sections. This work is reported in Tech- 
nical Note 2560. 

Wings and Wing-Body Combinations 

Recent calculations of wing cliaracteristics have been 
made more efficient by the development of reciprocal 
tlieorems similar to those long known in electricity and 
magnetism, optics, elasticity, and many other branches 
of tlie physical sciences. These theorems make possible 
the determination of many important and useful rela- 
tions between the aerodynamic forces and moments on 
wings with the same plan forms but having different 
twist and camber, or executing different motions. A 
typical theorem states that the lift produced by tlie 
deflection of a portion of the wing surface, such as a 
flap or control surface, is equal to the lift on the cor- 
mponding portion of a flat-plate wing in flight in the 
reverse direction. The range of application of these 
theorems includes unsteady as well as steady motion 
and applies to subsonic as well as supersonic flight 
speeds. Tliis work is reported in Technical Note 2700. 

The transonic similarity rules for the pressures, 
forces, and moments on wings have been found to lead 


to an essential improvement in relating e.\ 2 >erimenlal 
wing characteristics at near-sonic speeds. Since the 
similarity rules may be expressed in A'arious ways, a 
theoretical investigation was undertaken to ascertain 
their most advantageous forms. The study, presented 
in Teclinical Note 2726, shows that one form is par- 
ticularly good in that it emphasizes an important dif- 
ference between aerodynamic characteristics of wings 
of small and large aspect ratio. The essential param- 
eter for distinguishing the different regimes is the 
product of the aspect ratio and the cube root of the 
tliickness ratio. Wnren this parameter is large, non- 
linear transonic theory must be used to . predict the 
aerodynamic characteristics. When it is small, the lift- 
ing properties of the Aving may be predicted by linear 
theory. This behavior has been corroborated by Avind- 
tunnel tests. 

A A'ector study of the partial-differential equation of 
steady linearized supersonic flow is presented in Tech- 
nical Note 2641. General expi-essions Avhich relate the 
velocity potential in the stream to the conditions in 
the disturbing surfaces are derived. In this connec- 
tion, the concept of the finite part of an integral is dis- 
cussed. A discussion of 2 >roblems dealing with planar 
bodies Ls given and conditions for the solution to be 
unique’ are investigated. Problems concerning non- 
2 >lanar systems are also investigated and methods are 
cleriA’ed for the solution of some simple nonplanar 
bodies. The surface pressure and the damping in roll 
are found for rolling tails consisting of four, si.x, and 
eight rectangular fins for the Mach number range in 
which the region of interference betAveen adjacent fins 
does not affect the fin tips. 

In Teclmical Note 2619, a semiempirical profile-cor- 
rectionTactor is discussed Avhich enables the estimation 
of the wave drag due to thickness at supersonic speeds 
for three-dimensional wings with arbitrary thin airfoil 
sections at zero lift through use of prcA-iously calculated 
drag coefficients. It is expected that satisfactory esti- 
mates can be obtained for many combinations of plan 
form and profile for AA'hich rigorous theoretical drag 
data are not available by j'udicious use of the i>roi>ose(l 
profile correction, especially at those speeds for which 
the wing leading edge is supersonic. 

A method has beei dcA'eloped for selecting the thick- 
ness, skin or shell thickness, and size of a supersonic 
Aving for least drag and sufficient bending strength at 
specified flight conditions, section shape, and Aving plan 
form. The only structural requirement considered in 
the analysis is that of bending stress, which is assumed 
to be carried entirely by the skin. An analytical method 
is presented by means of Avliich the oi>timum Aving di- 
mensions can readily be obtained. Tliis method is pre- 
sented in Technical Note 2754. 

An experimental in\"estigation carried out in the 
Langley 4- by 4- foot supei’sonic pressure tunnel resulted 
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In a series of SchJieren photographs and pi’essure dis- 
ti-ibutions which showed the effects of transition frQui 
an attaclied to a detached shock at the leading edge of a 
finite-span 8.2° wedge as the angle of attack was in- 
creased from 0° to 11°. These results are reported in 
Teclmical Note 2712. 

Technical Note 2611 presents the results of an in- 
vestigation in the ..^les 1- by 8-foot supersonic tunnel 
of the base pressure on wings having an aspect ratio of 
8 and various modified double wedge and triangular 
airfoils. It was found that for turbulent flow the 
principal variables affecting the base pressure were 
ilach number and the ratio of boundary-layer thickness 
to wing trailing-edge thickness. For laminar flow, the 
principal variable was the ratio of boundary-layer 
tliickness to wing trailing-edge tliickness. 

A method developed at the Ames Laboratory is pre- 
sented in Technical Note 2551 for estimating to a rea- 
sonable degree of accuracy the interference effects be- 
tween slender wing-body shapes common to missiles and 
some high-speed airplanes. Pressure distributions have 
been calculated for triangular and swept-baek plan 
forms mounted on cylindrical fuselages. The effect of 
the section profiles on the pressures has also been pre- 
dicted. An interesting development of the technique 
also furnishes the effect on tlie lift of a horizontal tail 
surface, in the wake of a wing, for cases in which the 
vortices form a-plane Shert or have rolled up into vortex 
coresi 

A theoretical method exact witliin the framework of 
linear theory has been developed in Technical Note 
2677 tliat permits a determination of the pressure field 
of a wing-body combination employing a circular body 
and a wing witli supersonic leading and trailing edges. 
Detailed calculations have been performed for wing- 
body combinations with rectangular wings mounted at 
incidence on bodies at zero.angle of attack. It was de- 
tennined that the loss of lift due to interference could 
be estimated from the first term of the Fourier series 
used in the analysis. Tliis fact was used to extend the 
range of the lift calculation. 

At Brown University, under contract to the NACA, a 
method has been developed for the solution of the non- 
linear equations for supersonic conical flow. The pro- 
cedure is mostly a numerical one based on the method of 
characteristics and the relaxation process. A procedure 
for calculating the position of the shock is inherent in 
the analysis and the method is applicable to any conical 
flow. The method and an illustration of the flow about 
a triangular wing with supersonic edges are presented 
in Technical Note 2651. 

Also under NACA sponsorship at Brown University, 
a basic theory of generalized linearized supersonic 
conical flow for both inside and outside the Mach cone 
has been developed and applied to several specific prob- 
lems including unsteady-flow conditions. A triangular 


lifting wing in pitching and rolling with both subsonic 
and^ supersonic leading edges was investigated and 
pressure coefficients were obtained. A family of thin 
swept-back triangular wings having a symmetrical 
thickness distribution was also investigated and ana- 
lytic expressions for wave drag and pressure coefficients 
were determined. Values of wave drag coefficients were 
calculated and the results presented graphically. This 
theory, which stems from a fundamental idea of G. N. 
Ward, is presented in Technical Note 2667. 

Bodies 

A theoretical study is presented in Technical Note 
2585 of bodies consisting of ogival fore- and after- 
bodies joined by a circular cylinder having minimum 
wave drag in axially symmetric supersonic flow. All 
the bodies studied had the same total length, length of 
joining cylinder, frontal area and volume. Comparison 
with related results for bodies of revolution without 
cylindrical midsections shows that the addition of small 
amounts of center section has little effect on the drag. 
From the predicted body shapes, the maximum thick- 
ness ratio leading to the least total of wave and friction 
drag can tlien be estimated. 

A method has been developed for determining tlie 
optimum_shapes of certain boattail bodies for minimum 
wave drag at supersonic speeds. Tlie method, pre- 
sented in Technical Note 2560, is easily generalized to 
determine minimum-wave-drag profile shapes which 
have contours that mitst pass through any prescribed 
number of points. According to linearized theory, the 
optimum profiles are found to have infinite slope at 
the nose but zero radius of curvature so that the bodies 
appear to have pointed noses, a zero slope at the body 
base, and no variation of wave drag with ilach number. 
Although the analysis is concerned with wave drag 
only, a brief discussion of friction and base drag is 
also given. 

By an adaptation of the slender body theory, expres- 
sions have been developed for predicting the lift of 
bodies, afterbodira, and combinations of bodies. The 
method is presented in Technical Note 2669 and is il- 
lustrated by calculation of the lift of a cone-cylinder 
body, a cylindrical afterbody of a wing-body combina- 
tion, and three combinations of bodies. 

The calculation of second-order supersonic flow past 
nonlifting bodies of revolution has b^n reduced to 
routine computation with the aid of tabulated functions 
and standard computing forms. This work has been 
published in Technical Note 2744. 

Research Equipment and Techniques 

The great complexity of the method of characteristics 
in three dimensions has generally limited supersonic 
nozzle and diffuser design to the two-dimensional and 
axisymmetric cases. A simple method reported in 
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Technical Note 2688 has been developed for obtaining 
three-dimensional unsynunetric supersonic nozzles and 
inlets from known axisymmetric flows. 

Eecent lesearch has indicated that three-dimensional 
supersonic nozzles may become more desirable for high 
Macli number tunnels than conventional two-dimen- 
sional nozzles. In two-dimensional nozzles designed 
for high Mach numbers the flow is very sensitive to any 
change of the extremely small dimensions at the mini- 
mum section, and the excess growtii of boimdarj' layer 
along the center of the nozzle side plates may also in- 
terfere with the design flow. In Technical Note 2711 
a method is developed for the design of tliree-dimen- 
sional nozzles utilizing axisymmetric flow. The method 
is applied to obtain the final coordinates of a nozzle 
with a Mach number of 10 for which a square test sec- 
tion is specified to reduce the possibility of axisym- 
metric imperfections at the wall and to provide for the 
installation of schlieren windows. 

Auxiliary boundary conditions are derived in Tedi- 
nical Note 2616 which assure continuity of wall curva- 
ture in applying tlie method of characteristics to the 
design of two-dimensional symmetrical supersonic 
nozzles. Fixed nozzles thus designed are less subject 
to flow imperfections. The technique is particularly 
valuable in the design of flexible wall nozzles whicli 
usually are not capable of sustaining discontinuities in 
curvatiu’e. 

An investigation of phenomenon associated with the 
condensation of air at supersonic Mach numbers is re- 
ported in Technical Note 2690.’ It was found that in- 
creasing the ratio of test-section area to the area at the 
first minimum section produces only a moderate increase 
in Mach number after the air stream becomes saturated. 
It was concluded that the most, practical method of sub- 
stantially increasing the test section Mach number is 
to elevate the reservoir temperature to maintain sub- 
saturated stream conditions. The properties of flow 
about wedge models in a partially conden^d supersonic 
stream were investigated and effects of condensation 
on surface pressures were determined. 

A theoretical and experimental investigation of the 
condensation of air in hypersonic wind tunnels has 
been carried out at the Massachusetts E’lstitute of Tech- 
nology under contract with the NACA and is. reported 
in Technical Note 2559. The experimental work was 
done with a hypersonic wind tunnel witli a Mach num- 
ber of approximately 7. Condensation of air. was de- 
tected and measured by condensation-fog light scat- 
tering, static-pressure measurements, and changes in 
wedge shock angles at degrees of supersaturation con- 
siderably lower than those predicted by exis tin g con- 
densation theory. The effects of varying supply pres- 
sures and temperatures were measured and it w'as shown 
that preheating of tlie air so that it remained unsatu- 
rated or became only slightly supersaturated prevented 


the initiation of condensation. The nucleation theory 
of condensation was modified to take account of a pos- 
tulated variation of surface tension with decrease in 
size of the spontaneously formed drops which act as 
nuclei of condensation. This modification permitted 
closer prediction of the measured condensation rates. 

An instniment has been suggested for the measure- 
ment of supersonic flow inclination. The device makes 
use of tlie effect disciissed in Technical Note 2521 of 
angle of attack on the meridional velocity profile of the 
laminar boundary layer on a cone. The theoretical per- 
formance of the instrument is discussed and limited 
experimental results are presented in Technical Note 
2723. 

Various methods, such as the pitot-stutic tube and the 
cone, have been used for detennining the ambient or 
free-stream static pressure in airspeed-measurement 
systems. Teclmical Note 2592 considers the problems of 
determining the free-stream static pressure from the 
pressures on bodies of revolution. By a simple appli- 
cation of slender-body theoiy, points are located on a 
body whei'e only small pressure changes occur with in- 
cidence. These points may be tlien considered as the 
proper locations for static-pi’essure orifices. Experi- 
mental data obtained during a detiiiled pressure-dis- 
tribution investigation of a parabolic body of revolu- 
tion at a Mach number of 1.59 and a Reynolds number 
of 3.6 X 10® are then analyzed. The trends predicted are 
substantiated and slight empirical modifications to the 
theoretical locations are indicated. 

As part of a continuing systematic investigation to 
study means of improving the accuracy of airepeed 
measurement systems, six sliielded total-pressure tubes 
were tested at high angles of attack in a wind tunnel 
(Teclmical Note 2530) . The tubes were tested at sev- 
eral Mach numbers ranging from 0.26 to 0.95 ; and the 
effects of inclination of the air stream on the measured 
pressures were determined for an angle of attack range 
of . — 3D® to 65°. Results of the tests indicated that 
curved venturi entries were superior to the conical entry 
of the standard Kiel design ; that the critical angle of 
a shielded tube could be extended to higher position 
angles of attack by means of a slant profile ; no advan- 
tage was to be gained by varying the probe position 
from the position used in the standard Kiel design ; and 
that the effect of compi*essibility on the sensitivity of 
the tubes to inclination was appreciable. 

Two procedures of airspeed calibration that are suit- 
able for use in maneuvers at high altitudes and high 
airspeeds are the accelerometer and radar methods. A 
comparison of the two methods was made by a calibra- 
tion of the pitot-static airspeed installation on a jet 
fighter airplane (Technical Note 2570) . The results of 
the tes.ts indicated that, for vertical plane maneuvers, 
the accelerometer method may be used as an alternate 
to the radar method. Although, the accelerometer 
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method requires airplane instrumentation of fairly high 
precision, this equipment may be more generally avail- 
able than the radar equipment. 

A stroboscopic schlieren system -wliich automatically 
synchronizes itself with repetitive aerodynamic phe- 
nomena of inconstant frequency has been developed and 
installed in the Ames 1- by 31-^-foot high-speed wind 
tunnel. This device, discussed in Technical Note 2509, 
makes possible the visual observation of unsteady air 
flow about aerodynamic bodies. An additional feature 
of the instrument provides simulation of continuous 
slow motion of particular flow features at arbitrarily 
chosen rates. 

An experimental investigation has been conducted in 
the Ames 10- by 11-inch supersonic wind tunnel to de- 
termine the feasibility of using an X-ray densitometer 
to measure air densities in disturbed flow fields at high 
supersonic speeds. It was concluded from measure- 
ments in conical flow fields that density can be deter- 
mined with sufficient accuracy at the low densities en- 
countered to establish the instrument as a useful re- 
search tooL 

An instrument has been developed at the Ames Lab- 
oratory that provides an accurate measurement of wind- 
tunnel Jklach number for purposes of tunnel operation 
and data interpretation. The instrument provides con- 
tinuous and automatic indications of the quantities 
determining Mach number, thus permitting consider- 
ably more rapid and accurate tunnel operation than 
heretofore possible. 

STABILITY AND CONTROL 

Static Stability Investigations 

Low-speed tests of typical high-speed airplane models 
indicate that with regard to static longitudinal sta- 
bility, a high-wing model with the horizontal tail lo- 
cated below the wing chord plane extended results in 
acceptable longitudinal stability characteristics. Other 
tests have shown, however, that for a high-wing model 
a strong sidewash is produced at the plane of symmetry 
because of wing-fuselage interference, which reduces 
the contribution of a conventionally mounted vertical 
tail to the directional stability. In an attempt to obtain 
both longitudinal and directional stability over a large 
angle-of-attack range, tests were made on a configura- 
tion having twin vertical fins mounted on a high 46° 
sweptback wing. The results of tins investigation, re- 
ported in Technical Note 2534, show that the model was 
directionally stable throughout the angle-of-attack 
range, whereas a comparable model with a single fin 
on the fuselage became directionally unstable at mod- 
erate angles of attack. In general, the static longi- 
tudinal stability characteristics were not affected by 
the twin fins. 


Studies of wing induced downwash, an important 
consideration in the design of aircraft with tandem 
surfaces, have been studied experimentally and analyt- 
ically. At the Ames Laboratory, a theoretical investi- 
gation of tlie downwash behind low-aspect-ratio plane 
wings disclosed that significant changes iii the down- 
wash field are attributable to large deformation of the 
trailing vortex sheet. This investigation has been ex- 
tended to include the missile case where cruciform wing 
arrangements are utilized. It has been foimd that the 
behavior of the vortex sheets behind banked cruciform 
wings is much more complex and that the downwash 
field is correspondingly more complicated than that 
behind plane wings. The results of the first phase of 
this theoretical analysis along with some experimental 
data have been published in Technical Note 2605. 

An experimental technique for obtaining a physical 
picture of the flow behind lifting surfaces has been 
developed wherein the action of a large number of tufts 
of uniform length attached to a wire grid mounted aft 
of the wing are photographed from a station down- 
stream of the grid. This procedure yields, with a mini- 
mum of labor, an approximate vector plot of the flow 
field in a plane normal to the airstream. The results 
of an investigation in the Langley stability tunnel, uti- 
lizing the tuft grid technique to determine the down- 
wash characteristics of a rectangular and several tri- 
angular wings, are reported in Technical Note 2674. 

Studies of Damping Derivatives 

The advent of high-speed airplanes of Iiigh density 
has focused attention on certain phases of the dynamic 
stability problem which were previously unimportant 
and heretofore neglected. The effect of periodicity 
of the airplane motion on the effective voT..oi.‘ of various 
stability derivatives is one of these f ac tors. A p rogram 
has been imdertaken in the Langley stability tunnel to 
determine the effects of such vartables as frequency and 
amplitude of motion on the contribution of various air- 
plane components to the stability derivatives. In 
Technical Note 2657 that phase of the investigation 
which considers frequency effects on the directional 
damping and stabili^ of a model undergoing a freely 
damped yawing motion is covered. The effects of ver- 
tical tail aspect ratio and of compressibility as pre- 
dicted by theory are discussed in relation to experi- 
mental stability characteristics obtained by the free 
oscillation and by the curved flow procedures. The re- 
sults indicate that, for the low range of frequencies in- 
vestigated, the vertical tail contribution is relatively 
independent of oscillation frequency and can be pre- 
dicted reasonably well by approximate finite aspect 
ratio unsteady lift theories. 

As part of a general program to investigate the ef- 
fects of changes in various components of the airplane 
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on the low-speed stability characteristics, an experi- 
mental study reported in Technical Note 2587 was made 
to determine the influence of the wing and fuselage on 
the vertical tail contribution to the rolling derivatives 
of a midwing airplane model with 45° sweptback lift- 
ing surfaces. The results of the investigation show that 
tlie vertical tail contribution to the rolling derivatives 
can be calculated with good accuracy throughout the 
angle-of-attack range by available analytical proce- 
dures, provided corrections are made for tlie effects of 
fuselage and wing sidewash at tlie tail caused by rolling 
velocity. 

The problem of calculating the stability parameters 
of an airplane from flight data has been studied at the 
Ames Laboratory using several common metliods for 
curve fitting. The application of such metliods is con- 
sidered in Technical Note 2622. 

The development of the linearized supersonic flow 
theory has tabled the evaluation of stability deriva- 
tives for a variety of wing configurations at supersonic 
speeds. Fairly complete information is now available 
for the theoretical stability derivatives of rectangular, 
triangular, and some sweptback wings. This theory is 
used in Technical Note 2699 to evaluate derivatives for 
swept wings for which tlie wing leading edge and trail- 
ing edge are supersonic. Design charts. are presented 
which permit estimation of the pitching-moment coef- 
ficient due to angle of attack, and the pitching-moment 
and lift coefficients due to steady pitching velocity for 
given values of aspect ratio, taper ratio, Mach number 
and leading-edge sweepback. 

Another theoretical method of determining the super- 
sonic pitching-moment derivatives for delta-wing-body 
combinations has been developed at the Langley Lab- 
oratoiy. Teclmical Note 2553 presents solutions for a 
low-aspect-ratio delta wing and slender body combina- 
tion and approximate solutions for high- aspect-ratio 
delta wings and slender body combinations. 

Research on Controls 

The use of wing plan forms incorporating large sweep 
angles and thin airfoil sections for the purpose of de- 
laying the compressibility effects has resulted in wings 
having values of maximum lift considerably less than 
tliose of conventional unswe2it wings. This has imposed 
ratlier severe limitations on the landing speeds of such 
aircraft. To add to our Imowledge of tlie character- 
istics of high-lift devices on such Avings, an explora- 
tory test program was conducted under NACA sponsor- 
ship in the 9-foot wind tunnel of the Gleorgia Institute 
of Technology. Two loAv-drag, tapered wings swept- 
back 45° and 60° equipped with full-span split and 
slotted flaps and three special trading-edge flaps were 
investigated. Emphasis was placed on attemiits to ob- 
tain higher maximum lift coefficients, but the results 
reported in Technical Note 2468 shoAv no appreciable 


gain in C7 l „„ for either the split flap or the si>ecial 
flap on the 60° swept wing and only a small increment 
in Cl on the 45° swept wing. The slotted flap pro- 
duced the largest lift increments through the angle-of- 
attack range. 

The use of Aving sweep has also comiflicated the prob- 
lem of deteimining the speed at Avhich conA'entional 
aileron controls become ineffective as a result of Aving 
twisting associated with the control deflection. (This 
speed is considered the. aileron “reversal speed”.) 
Under NACA sponsorship, tests have been conducted 
in the Uni\’ersity of Washington 8- by 12-foot Avind 
tumiel to determine experimentally the effect of wing 
sweep and elasticity on aileron reversal speeds. Rolling 
moments due to aileron deflection, damping derivatives 
in roll, and free rolling angular A'elocities due to aileron 
deflection AA'ere obtained on the elastic wings with 45° 
of sAveepback and zero degrees of sAvee 2 )back. The re- 
sults slioAA'ed that, when designed for equal stress, the 
swept wings generally had higher reversal speeds than 
did the straight Avings. It was also sliOAvn that inboard 
ailerons on a SAvept Aving Avere more effective at high 
speeds than were control surfaces located at the tijis. 
Tliis Avork is rejxirted in Technical Note 2563. 

Studies have been continued to evaluate various lueth- 
ods of reducing control hinge moments. The effects of 
various aerodynamic balance shapes on the loAv-speed 
control characteristics of a series of unswept and swept- 
back Avings have been studied in the 9-foot wind tunnel 
of the Georgia Institute of Technology under NACA 
sponsorship. Lift- and hinge-moment characteristics 
were obtained for four unswept semispan control sur- 
faces and lift, drag, hinge-moment and pitching-mo- 
ment characteristics were obtained for two semispan 
SAveptback control surfaces. In Technical Note 2495, 
measured values of the various parameters are com- 
pared with those obtained by application of lifting sur- 
face and lifting line theories. 

A method of predicting the characteristics of tri- 
angular tip-control surfaces at supersonic speeds for 
Avliichthe Mach, lines lie behind the trailing edges has 
been developed using linearized theory. The results 
of this study are presented in Technical Note 2715 in the 
form of equations and charts for the evaluation of lift, 
pitching-moment, and hinge-moment parameters for 
the basic configurations and tabulated calculations for 
configurations having unequally swept AA'ing and flap 
trailing edges. 

Investigation of Flying Qualities 

One of the methods being utilized to reduce tlie large 
control forces AA’hich are becoming more prevalent Avith 
high-speed aircraft is through the use of a booster 
power-control system incorporating a mechanical de- 
vice to provide the pilot Avith artificial stick force 
(feel). A flight investigation of this ty^Je of system 
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installed in a bomber, airplane bas been made at tbe 
Langley Laboratory to determine the design features 
that should be incorporated in feel devices in order 
to obtain satisfactory handling qualities. The feel de- 
vice consisted of a centering spring which restrained 
the control stick through a linkage that changed as a 
function of dynamic pressure. Provisions were made 
for trimming and for manual adjustment of the force 
gradient. The system was designed to approximate the 
control-force characteristics that would result with' a 
conventional elevator control with linear hinge-moment 
characteristics. The test results reported in Technical 
Note 2496 indicate that the overall performance of the 
feel device was satisfactory. The original control sys- 
tem of the test airplane exhibited certain undesirable 
stick-force characteristics resulting from nonlinear 
hinge-moment variations. These characteristics were 
improved or corrected by the feel device. The device 
made possible smoother landings with less pilot effort 
and improved tlie airplane’s stick-force characteristics 
in maneuvers. 

Xumerous devices have been described in literature 
over a number of years for providing a stall warning 
for aircraft. This literature is scattered and some is 
generally unavailable. Thus, a summary of these data 
was prepared. In the summary, publislied as Technical 
Xote 2676, the principles involved in the operation of 
several types of stall- warning devices are described, and 
the conditions under which operating difficulty may be 
experienced are pointed out. 

The present trend toward the use of light aircraft 
in farming and ranching activities and the indication 
that nearness to centers of population is important to 
the success of airport operation, make it increasingly 
desirable that the personal-owner-type airplane be able 
to take off and land in short distances using poorly pre- 
pared airfield surfaces. Technical Note 2404 reports 
on the results of an NACA sponsored investigation at 
the Texas A and il Research Foxmdation, aimed at im- 
proving take-off performance through the use of flaps. 
The optimum lift coefficient for takeoff for airplanes 
having loadings representative of personal aircraft and 
flying from field surfaces encountered in personal air- 
craft operation, are analyzed. Power loading, span 
loading, aspect ratio, and drag coefficient were varied 
sufficiently to determine the effect of these variables on 
take-off performance. Existing high-lift and control 
device data were studied and compared in order to de- 
termine w hich comb inations of sugh devices appear to 
offer the most suitaHe arrangement for aircraft of a 
private-owner type. • The results indicate that consid- 
erable improvement in take-off performance of light 
airplanes is possible by the use of suitable high-lift 
flaps. 
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Automatic Control and Stabilization 

The problem of designing control systems that are 
self regulating to the extent that desired maximum 
values of airplane normal acceleration cannot be ex- 
ceeded by pilots has received special attention. In 
Technical Note 2574, possible methods of operation of 
acceleration restrictors are discussed, and a theoretical 
analysis is made of some simple devices. The accelera- 
tion restrictors analyzed work on the principle of stop- 
ping the upward motion of the elevator when the signal 
from the acceleration sensing device reaches a cei’tain 
value. Calculations were made for a representative 
fighter airplane and a representative transport airplane 
over a range of center-of-gravity positions for sea level 
and altitude operation. 

An investigation to determine how well the longitu- 
dinal dynamic stability of an autopilot-aircraft com- 
bination can be predicted from the separately measured 
characteristics of the autopilot and of the aircraft is 
reported in Technical Note 2578. The dynamic longi- 
tudinal stability of the airplane with autopilot was pre- 
dicted by combining the transfer functions of tlie auto- 
pilot as obtained from ground tests with those of the 
airplane measured in flight to obtain the open and closed 
loop frequency responses and transient responses for 
the combination. These predicted responses were then 
compared with measured flight frequency and transient 
responses for tliree airspeeds and various autopilot set- 
tings of displacement and rate of displacement feed- 
back. The analysis procedures were based upon linear 
-methods. Flight test data were in good agreement with 
linearized analysis when system elements were oper- 
ated within their linear ranges. 

For various reasons, automatic guidance systems of 
aircraft often contain elements that have nonlinear re- 
sponse characteristics during certain phases of their 
operation. Depending upon the degree of these non- 
linearities, the system may be amenable to a linear anal- 
ysis or it may be necessary to consider the system as 
nonlinear. In Technical Note 2707, the nonlinear re- 
sponse characteristics of an electrohydraulic servo sys- 
tem are considered. These characteristics were suc- 
cessfully simulated and studied through the use of an 
electronic analog computer. In this study, it was found 
necessary to take into account the nonlinear amplifier 
characteristics and also the accumulative effect of servo 
system time lags to simulate satisfactorily the servo 
^stem. 

A great deal of interest has recently been riiown in 
automatic stabilization devices as a means of improving 
the damping of the lateral oscillation of aircraft de- 
signed for transonic and supersonic flight-. The results 
of a theoretical study of the effect of auxiliary damping 
devices on the lateral stability and controllability of 
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a high-speed aircraft are reported in Technical Note 
2565. The systems investigated included stabilization 
devices which deflect the rudder or an auxiliary sur- 
face proportional to the yawing velocity or rolling 
acceleration and one which deflects both aileron and 
rudder proportional to the rolling velocity. An ideal- 
ized control system without phase lag was assumed. 
The results indicate tliat each of the assumed stabili- 
zation systems is capable of improving the damping of 
tlie lateral oscillations of the assumed aircraft. How- 
ever, the system which deflected the rudder proportional 
to yawing velocity necessitated increased pedal forces 
in steady turns and the systems which deflected the 
rudder or rudder and ailerons proportional to rolling 
velocity required unnatural rudder deflections to main- 
tain zero sideslip subsequent to applied rolling mo- 
ments. The system which deflected the rudder pro- 
portional to rolling acceleration introduced adverse yaw 
subsequent to applied yawing or rolling moments. 

A graphical method of determining tlie amplitude 
ratio and phase angle of transfer functions from tire 
standpoint of facilitating the analysis of complicated 
dynamic systems is presented .in Technical Note 2522. 
This method does not require the factoring of polynomi- 
als and can be adapted to the use of templates. An 
example is given in which the frequency i-esponse of an 
automatically controlled aircraft is obtained. 

BNTERNAL FLOW 
Air Induction Systems 

In the selection of an air induction system for jet- 
propelled aircraft, it is nece^ry to know the optimum 
compromise between external di’ag, mass flow per unit 
inlet area, and pressure recovery. Exact knowledge of 
the complex inter-relation of these factom is par- 
ticularly essential because the air-induction system may 
be a large potential source of drag in modem aircraft 
designs. To facilitate the selection of optimum ar- 
rangements, a study reported in Technical Note 2697 
was made to outline a method for the evaluation of 
various air-induction systems when combined witli ar- 
bitrary jet engines. Charts based on the air handling 
qualities of induction systems and the component char- 
acteristics of engines are presented to permit rapid 
evaluation of air-induction systems over a range of 
flight speeds up to a Mach number of 3.0. 

The correct consideration of drag and thrast forces 
acting on a turbojet engine installation is a problem of 
major importance in the design and performance esti- 
mation of new aircraft. Although a basically simple 
problem, fundamental analysis of the forces may be- 
come obscured by the use of conventional definitions for 
these forces. A study of the forces acting on a turbojet 
engine installation (inlet, engine, exit) has been made 
and the results presented at the annual summer meeting 


of the^stitute of the Aeronautical Sciences and pub- 
lished in “Aeronautical Engineering Review,” October 
1951. In this paper, conventional definitions have been 
related to the fundamental force concepts involved for 
both subsonic, and supersonic applications through a 
summary of existing analyses. 

Diffusers and Ducts 

A preliminary analytical and experimental study of 
the instability of flow from two ducts discharging into 
a common duct has been conducted at Haiward Uni- 
versity and the results reported in Teclinical Note 2417. 
Analyst were made by assuming potential flow con- 
ditions and turbulent mixing. Qualitative considera- 
tions indicated that self-excited forces may arise to ac- 
count lor observed instabilities. The nature of the flow 
(stable, oscillatory, asymmetric, etc.) and variations of 
the type of flow with duct configuration were studied 
experimentally using a two-dimensional water table. 

An experimental investigation has beei conducted at 
the Langley Laboratory to determine the performance 
of a 90° cascade diffusing vane for five inlet boundary- 
layer-thickness conditions. Tests were made at Mach 
numbers up to 0.41 and at Reynolds numbers, based on 
the cascade airfoil chord, of 830,000 to 950,000. 'Ifiie 
results reported in Technical Note 2668 indicated tliat 
for a vaned bend a limited amount of diffusion can bo 
obtained without appreciable energy losses. The vaned 
bend has the advantage of being much shorter than the 
usual diffuser-behd combinations. 

An analytical study of two-dimensional non- viscous 
and viscous compressible flow through a system of equi- 
distant blades has been conducted at the Polytechnic 
Institute of Brooklyn under the sponsorship of the 
NACA, and the results reported in Technical Note 2718. 
Non-vjscous flow through blade ^sterns of equidistant 
spacing and of identical shape is considered. A nu- 
merical example is given for a system of symmetric 
blades which produce a 90° deflection of a uniform flow. 
Viscous flow through a grid system is treated by the 
introduction of a velocity, velocity gradient, pressure, 
and force field of uniformity across the blades. 

“ ROTARY WING AIRCRAFT 

Some effects of varying tlie damping in pitch and 
roll on the flying qualities of a small single-rotor heli- 
copter are reported in Technical Note 2459. Flight-test 
measurements and pilots’ opinions of the longitudinal 
flying qualities and lateral control characteristics of 
a small single-rotor helicopter are presented. In these 
tests the damping of the helicopter in pitdi and roll was 
vaiied by means of a rate-sensitive automatic-control 
device from the amoimt present in the helicopter with 
the device inoperative to nearly thi-ee times that amount. 
Longitudinal stability and control characteristics which 
were unsatisfactory with the device inoperative were 
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improved by increasing the damping of the helicopter, 
and were judged to be satisfactory when the damping 
was approximately doubled by the device. The low 
rate of roll associated with the largest amount of damp- 
ing tested was adequate for normal flying. 

Since the ability to operate under instrument flight 
conditions will materially extend the usefulness of the 
helicopter, the Langley Laboratory has undertaken a 
flight investigation to determine what flying qualities 
and what flight instruments are necessary for satisfac- 
tory all-weather operation. Some initial results of this 
program are reported in Technical Note 2721, wherein 
it was concluded that, although existing longitudinal- 
flying-qualities requirements for helicopters are ade- 
quate for instrument flight at speeds near cruising, both 
the flying qualities and pilot’s instruments will require 
improvement before satisfactory instrument flight is 
possible from hovering to maximum speed. 

One approach to the problem of providing more suit- 
able instruments for helicopter blind flying is to com- 
bine on a single indicator information that is usually 
obtained from several different instruments. A com- 
mercially available flight indicator which combines 
heading, altitude, bank angle, and pitch information 
was modified for helicopter use and flight-tested under 
simulated instrument conditions. The results, pre- 
sented in Technical Note 2761, indicate tliat use of the 
combined-signal indicator for helicopter blind flying 
enabled the pilot to maintain a more accurate flight path 
and required less concentration than use of conven- 
tional instruments alone. 

Although standard rotor theory has proven adequate 
for predicting the performance of present day helicop- 
ters, certain of the assumptions used in the development 
of the standard theory limit the usefulness of the theory 
in the study of the characteristics of high performance 
helicopters. The development of theories adequate for 
high speed helicopters are presented in Technical Note 
2656 prepared by the Georgia Institute of Technology 
under NACA sponsorship, and in Technical Note 2665 
by the Langley Laboratory. Neither theory is limited 
to the flight conditions wherein the rotor-blade-section 
inflow angles are small and wherein there is little or no 
reversed flow over the rotor disc as in the case of the 
standard theory. Although both theories are in agree- 
ment with existing experimental data and standard 
theory on flapping rotors at low tip speed ratios, the 
theory developed by Langley appears to be more ap- 
plicable to the study of flapping rotors and the Georgia 
Tech tlieory more applicable to the study of rigid rotors 
because of the system of axes chosen. 

Methods are available for estimating the mean value 
of induced velocity through a helicopter rotor in hov- 
ering and steady autorotation. No theory is available, 
however, for treating the flow during the transition 
from hovering to autorotation and the development of a 


rigotous theory would be extremely difficult because of 
the unsteady flows which predominate in this regime 
of flight. Technical Note 1907 assumed an exponential 
variation of induced velocity during the transition j 
however, there was at the time of publication of this 
report insufficient experimental data to confirm the as- 
sumption. Princeton University, under NACA spon- 
sorship, undertook an investigation of the transition 
from hovering to steady, vertical autorotation of sev- 
eral rotor models with the object of determining the 
validity of the previously assumed exponential varia- 
tion of induced velocity. The results of this investi- 
gation presented in Technical Note 2648 indicate that 
the effective induced velocity during transition often 
differs greatly from the previously assumed variation. 

Eecent flight data on the autorotational characteris-. 
tics of a helicopter were in serious disagreement with 
existing wind tunnel results and Glauert’s empirical in- 
duced velocity relations. In view of this, the Georgia 
Institute of Technology, under NACA sponsorship, un- 
dertook a wind-tunnel study of tlie induced velocity, 
thrust and rate of descent of several helicopter rotor 
models. The objects of the program included an evalu- 
ation of the validity of Glauert’s empirical relations, 
a determination of tlie sources of error in previous 
wind-tunnel studies of the induced velocity through 
autorotating rotors, an indication of the effects of blade 
taper and twist on vertical descent characteristics, and " 
flow visualization with smoke and tufts. The results of 
the investigation, presented in Technical Note 2474, 
indicate considerably lower mean induced velocities in 
hovering and in small rates of descent, and consider- 
ably higher mean induced velocities at high rates of 
descent than would be predicted by Glauert. The wind 
tunnel results are in fair agreement with flight ex- 
perience. The effects of both blade twist and taper are 
also discussed- 

Statistical information concerning the flight loads 
and associated operating conditions of a helicopter en- 
gaged in air-mail operations has been obtained. An 
analysis of the normal accelerations and operating con- 
ditions encountered in 253 hours of flying time is pre- 
sented in Technical Note 2714. The results indicate 
that for this type of operation the loads developed in 
routine takeoff and landing-descent maneuvers are 
often greater than the maximum loads encountered en 
route. 

Existing theoretical methods of calculating the load- 
ing and bending moments on helicopter rotor blades are 
known to be in error because of certain simplifTing as- 
sumptions made in the development of the theory. The 
Massachusetts Institute of Technology, under NACA 
sponsorship, has developed a wind-tuimel technique for 
determining blade bending moments and has evaluated 
the accuracy of existing methods of blade bending mo- 
ment calculations for a flapping rotor. Also, existing 
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theoi'y for application to fixed-at-iDot blades has been 
modified. The results of tlie investigation are reported 
in Teclmical Note 2G26 and show that for botli tke 
fixed- and hinged-at-root blades the experimental data 
are in fair agreement vdth theoi’y ; however, tlie many 
discrepancies betiveen theory and experiment are 
pointed out and, where possible, explained. 

AIRCRAFT PROPELLERS 

A study of the effects of wing sweep in varying tlie 
forces on propeller blades as they rotate through 360° 
has been completed and arranged in a form to demon- 
sti-ate these effects readily. This study, together with 
tlie method of predicting the independent effects of a 
wing-fuselage and nacelle, has been experimentally 
verified by powered model wind-tunnel tests reported 
in Teclmical Note 2795. The_experimental study of 
dowiiwasli included 40° swept wings of aspect ratio 7 
and 10 witli nacelles mounted oiTthe wing and on struts 
extending from the wing, at various wing span stations. 
All these data make available to the designer a means 
of obtaining analytically a good estimate of once-per- 
revolution propeller exciting forces, and for a i*epre- 


sentativB group of designs, a detailed description of the 
flow fieM in the propeller plane. 

' ■ ' SEAPLANES 

The NACA has conducted several investigations at 
the Langley Laboratory to provide basic and design 
data for water based airplane configurations as well as 
for seaplane components. Also, the NACA has spon- 
sored an investigation of tlie hydrodynamic characteris- 
tics of a series of hull models suitable for small flying 
boats and amphibians at the Stevens Institute of Tech- 
nology. In tills investigation, reported in Technical 
Note 2503, the hydrodjoiamic resistance and main spray 
characteristics were determined for a group of hulls 
consisting of a basic hull having simple lines, and of 
variations in this design in wliich the beam, sternpost 
angle, and afterbody length were altered. Tliree of the 
most promising hulls were tested for landing and por- 
poising characteristics. The results sliowed tliat it is 
possible to design a hull with simple lines suitable for 
small flying boats or ampliibians. The results also indi- 
cated that refilling the hull lines would improve tlie 
hydrodynamic characteristics only slightly at tlie ex- 
pense of more complicated construction features. 



POWER PI^iNTS FOR AIRCRAFT 


Propulsion research under way at the J^ACA is aimed 
towards meeting the needs of the accelerated defense 
. program which calls for production by industry of air- 
craft engines at a constantly accelerating rate during 
the next few years. This research has been planned 
in the light of the needs for (a) , reduction in the time 
to place into service use those engines currently in the 
initial sea-level qualification test stage at manufactur- 
ers’ plants; (b), rapid research and development on 
advanced engines incorporating new basic research 
ideas. 

The XACA has not only the responsibility of pro- 
viding the fundamental research ideas and information 
leading to future advances in engine performance and 
operation, but also has, by virtue of its unique facilities 
and at the request of the military services been instru- 
mental in determining that these fundamental research 
contributions have been satisfactorily applied to spe- 
cific engines under contract production for military use. 
The gas turbine engine is a complicated and delicate 
piece of machinery and is sensitive to the environment 
in which it is operated. When it is being operated in 
the upper atmospheres (40,000, 50,000 and 60,000 feet}, 
where the temperatures can go as low as —100’’ F., it 
performs differently than it does in a sea-level test 
stand. 

The NACA Lewis Laboratory is. uniquely equipped 
with facilities where full-scale prototype and produc- 
tion engines may be operated and their performance 
and operational characteristics explored under the con- 
ditions experienced in actual high altitude and super- 
sonic flight. The operation of actual prototype gas 
turbine engines in altitude facilities not only provides 
evaluation and further development of the application 
of fundamental research contributions to actual engines, 
but also serves to discover and solve many difficulties 
of operation that were not previously known or antici- 
pated. Propulsion research conducted by the NACA 
has contributed greatly to the technical excellence of 
our country’s current engines and reduced the need for 
extremely costly, hazardous, and time-consuming en- 
gine research and development by means of flight 
testing. 

AIRCRAFT FUELS RESEARCH 

During 1952 aircraft fuel research was directed 
toward refinement of current jet-fuel specifications. 
The major NACA contribution to this research was the 
investigation of carbon deposition in typical turbojet 


engines ; however, some attention was given to tlie phys- 
ical properties of fuels that are pertinent to the prob- 
lem of fuel handling in the aircraft environment. 

The program on future fuels w^ continued and con- 
siderable progress has been made in studies of pure 
hydrocarbons of interest as fuel components. The hy- 
drocarbons studied promise more energy release per 
unit volume and have desirable flammability charac- 
teristics such as high flame speed, wide stability limits, 
and low ignition energies. 

Synthesis and Analysis 

The synthesis and the purification of 40 high-density 
hydrocarbons were reported during the past year. 
These compoimds are dicyclic types and because of the 
high density provide more energy per unit volume than 
marketed fuels. This hi^ energy content makes these 
fuels attractive for high-speed volume-limited, aircraft. 
In order to provide a complete evaluation of the nature 
of these fuels, many of the physical properties have 
been determined. (Technical Notes 2430 and 2557.) 

An investigation was also conducted on a series of 
cyclopropylalkenes in order to determine the effect of 
molecular structure on physical and chemical properties 
of pure hydrocarbons. Ten compoimds in this series 
were prepared, and melting points, boiling points, re- 
fractive indices, densities, and heats of combustion 
were determined. 

As part of the general research program on pure 
hydrocarbons, efforts have been made.to correlate phys- 
ical properties with molecular structure. The trends 
established by these correlations are quite useful in 
planning future synthesis projects since the data clear- 
ly indicate which classes of hydrocarbons show the 
greatest promise as potential jet fuels. Correlations of 
properties with molecular structure for three series of 
hydrocarbons were completed during the year and are 
reported in Technical Note 2419. 

In the field of analytical chemistry, a method has 
been developed for the deteimination of methyl (CH*) , 
methylene (CHa), and aromatic CH groups by near- 
infrared absorption spectroscopy. This method is ap- 
plicable to hydrocarbons of high molecular weight and 
may be applied to commercial products such as lu- 
bricating oUs, paraffin wax, and polystyrene. 

Fuels Performance Evaluation 

ilany of the pure hydrocarbons S3mthesized for re- 
search investigations are made in sufficient quantity to 
permit evaluation of combustion properties. Li labora- 
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tory apparatus, measurements were made of flame 
speeds, flammability limits, ignition energies, and igni- 
tion temperatures. The most recent study of this type 
was an extension of flame-speed measurements to in- 
clude 17 additional compounds. At this writing, flame 
speeds have been determined for 64 pure hydrocarbons. 
Tlie results of the most recent investigations indicate 
tliat cyclic compounds have greater flame speeds than 
comparable straight-cliain hydrocarbons. 

In regard to the application of current fuels to air- 
craft, one project has been completed which is essential- 
ly a fuel-handling problem arising from tlie behavior 
of, dissolved. Avater in conventional aircraft fuel sys- 
tems. The solubility of Avater in hydrocarbon fuels is 
of interest in that most fuels are substantially saturated 
with water at some stage during processing and storage. 
This Avater can become troublesome in applications 
where fuel is subjected to Ioav temperature and the 
water freezes. Ice crystals thus formed block the fil- 
ters in the aircraft fuel system. 

A literature survey was made to compile data on the 
solubility of water in pure hydrocarbons and in hydro- 
curbou mixtures. An attempt Avas made to correlate 
these data in such a way that a reasonably accurate 
prediction could be made of the solubility of water in 
any hydrocarbon fuel at any temperature. An equa- 
tion Avas developed to permit this prediction. 

A problem encountered in the operation of turbojet 
engines with current, Avide-boiling-range hydrocarbon 
fuels is combustion-chamber carbon deposition. Tlte 
fonnation of carbon on fuel injectore causes alterations 
in fuel-spray pattern Avith possible effects on com- 
bustor performance ; similar effects on performance can 
result from the deposition of carbon on primary air- 
entry ports. Altitude starting may be impaired by the 
deposition of carbon on spark-plug electrodes. Fi- 
nally, the deposition of carbon on the high-temperature 
areas of combustor linere promotes liner cracking and 
warping from excessive temperature gradients and 
variations in tliermal expansion rates. 

Carbon deposition is dependent upon two factors; 
combustor design and choice of fuel. While carbon 
deposition may be reduced considerably in futm’e com- 
bustor designs, the modification necessary may result in 
a deterioration of other performance characteristics. 
With respect to the fuel properties, hoAvever, changes 
which alleviate the carbon-deposition problem also 
promote, in general, increased over-all performance. 
Therefore, if limits in fuel characteristics can be se- 
lected which Avill adequately control carbon deposition 
witliout an excessive compromise in fuel availability, 
the inclusion of such limits in turbojet-engine-fuel 
specifications would be desirable. 

Additional studies of carbon deposition have been 
conducted in which the effects of fuel properties on 


combustion chamber deposits were evaluated in single 
tubular fuel-atomizing and fuel- vaporizing combustoi-s. 
The effects of sulfur, gum, and olefin content Avere also 
investigated. 

Effect of Fuel Density and Heating Values on Kam> 
Jet Missiles 

The analytical investigation of the effects of fuel 
density and heating value on the cruise range of a ram- 
jet airplane has been reported. In order to isolate fuel- 
jn-operty effects as miich as possible, the optimum com- 
promise between weight and efficiency was approxi- 
mated for various wing, engine, and fuselage combina- 
tions. Fuel-property effects are presented for the opti- 
mum designs thus obtained. The results of the study 
indicate which fuels Avould be most advantageous for 
a specific mission. 

COMBUSTION RESEARCH 

The primary objective of combustion research is to 
determine how to obtain optimum combustion of fuel 
and air in the space allotted in the engine. In order to 
achieve tliis objectiA'e, it is necessary to first understand 
the fundamental mechanism of combustion and second 
to understand tlie transitions that must be made for the 
application of these fundamental mechanisms to the 
actual engine. This approach necessarily involves re- 
search in shnplified laboratoiy apparatus and in full- 
scale engine combustion chambers and the information 
so obtained provides tlie design criteria upon Avhich 
development of future engines may be based. 

Fiindamentalg of Combustion 

One of the important processes in a jet-engine com- 
bustor is the propagation of flame into the unburned 
fuel-air mixture. A better understanding of the phys- 
ical and cliemical nature of this process may be gained 
by a study of laminar flame speeds. An analysis of 
available data indicated that the burning velocity of a 
fuel-air mixture is related to the equilibrium flame 
temperature and tlie relative diffusion concentration of 
atoms and free radicals ahead of the flame. Specific 
rate constants calculated from the Tanford and Pease 
equation by use of the calculated atom and free-radical 
concentrations were nearly the same for all hydro- 
carbons studied. Tlie results indicate that the maxi- 
mum Same velocities of hydrocarbon-air mixtures are 
consistent with an active-paiticle mechanism of flame 
propagation. These results have been used to calculate 
equilibrium flame temperatures and equilibrium free 
radical concentrations for pentane, ethylene, and pro- 
pyne over the total flammability innge in air. 

Experimental studies of flame speed have been ex- 
tended to include an evaluation of the effect of initial 
temiierature on flame speed. Data for methane-air, pro- 
pane-air, and ethylene-air flames over the temperature 
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range from room temperature to C were published 
in Technical Note 2624. 

The process of quenching is important to the be- 
havior of flames because this process may control flame 
stabilization, pressure limits of flammability, and the 
efficiency of combustion in the region of cold surfaces. 
An approximate equation has been derived for quench- 
ing distance based on the effect of the destruction of 
atoms and free radicals by a surface, on the chemical 
reaction, and on flame propagation. 

For several years, much of the flame propagation re- 
search has been conducted in a tube apparatus, in which 
it has been found impossible to measure flame speeds 
in excess of 70 centimeters per second. This difficulty 
was attributed to turbulence in the unburned mixture 
ahead of the flame ; consequently, it was felt that reduc- 
tion in the size of the tube would eliminate the prob- 
lem and permit measurements of certain liigh flame 
speed materials. Orientation tests were made in the 
rebuilt apparatus with acetylene-air mixtures. The 
results indicated the maximum fundamental flame speed 
of these mixtures to be about 141 centimeters per sec- 
ond, a value in good agreement with Bunsen burner 
results. 

Data for gaseous hydrocarbon fuels have already 
shown the marked effect of tlie percentage of oxygen 
in oxygen-nitrogen mixtures on minimum ignition 
energy, blow-off and flash-back limit, quenching dis- 
tance, and flame speed. Data of this type should give 
clues as to the importance of reaction kinetics in flame 
propagation and should yield further information on 
what the over-all mechanism of flame propagation 
might be. Furthermore, such data for liquid fuels 
would be of special interest because of their value in 
the interpretation of the combustion process in aircraft 
engines. An investigation is under way in which some 
of the combustion properties of isooctane-oxygen- 
nitrogen mixtures are being studied. The experimental 
values of maximiun flame speed have been compared 
with the values predicted by theories of flame propa- 
gation based on either a thermal or a diffusion mech- 
anism. The results of this investigation are presented 
in Technical Note 2680. 

These studies have been extended to determine the 
change in the pressure limits of flame propagation with 
tube diameter for various isooctane-oxygen-nitrogen 
mixtures. The effects of oxygen concentration upon the 
pressure limits and concentration limits of flame pro- 
pagation were also investigated. 

It has been suggested that low-pressure limits of in- 
flammability may be governed by quenching effects. 
Work was undertaken to obtain suitable data with 
which to investigate this possibility and for later use 
in gaining a better understanding of the process by 
which flame propagation is limited by tube diameter. 
In addition, it was desired to learn more about the rela- 


tion of the critical diameter for flame propagation to 
other combustion properties, particularly rate of flame 
propagation and minimum ignition energy. 

Research was undertaken to determine whether 
smoke added to a combustible mixture from an outside 
source could be burned in the reaction zone of a flame. 
The question of whether smoke will bum completely in 
the reaction zone of a flame has an important bearing 
on combustion-chamber research aimed at preventing 
smoking. Varying amoimts of smoke, both in the form 
of concentrated filaments and dilute homogeneous mix- 
tures with the combustible, were burned in diffusion 
flames of ethylene and in Bunsen flames of ethylene-air 
mixtures. Stable flames of both types were found ca- 
pable of burning large amounts of carbon smoke if tire 
smoke was finely divided. 

Combustion-Chamber Research 

The design of high-output combustors for jet-pro- 
pelled aircraft requires an accurate knowledge of liquid 
vaporization rates. In jet engines, the fuel is frequently 
injected as liquid droplets at a point upstream of the 
combustion zone, and the concentration of vaporized 
fuel in the fuel-air stream entering this zone is deter- 
mined by the rate of evaporation of the droplets. In 
order to determine this evaporation rate, a i^udy was 
made of droplets vaporizing under conditions similar 
to those encountered in aircraft combustion systems 
(Technical Note 2368). 

As a part of the research concerned with ignition 
and combustion of fuel-air mixtures, the parameters 
which may influence the energy required for a spark to 
ignite homogeneous fuel-air mixtures are being investi- 
gated. Research has been conducted to determine the 
effect of the electrode parameters of spacing, configura- 
tion, and material on the energy required for ignition 
of a flowing propane-air mixture. The data have been 
used to indicate the energy distribution along the spark 
length and to confirm previous observations concerning 
the effect of spark duration on ignition energy require- 
ments. 

A photographic pyrometer has been designed to de- 
termine the apparent surface temperatures in a ram-jet 
combustion chamber, where the immediate range of in- 
terest is 2,000° to 3,200° F., where it is necessary to 
record several temperatures instantaneously, and where 
thermoelectric pyrometry is impractical or impossible. 
The photographic pyrometer indicates apparent surface 
temperatures by photographing hot surfaces and cor- 
relating the variable density of the photographic nega- 
tive with the apparent surface temperature. 

LUBRICATION AND >XTAR 

Fundamentals of Friction and Wear 

Experimental studies by numerous investigitore have 
established the concept that the effectiveness of extreme- 
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pressure lubricant additives is dependent upon a chem- 
ical reaction between the additives and the lubricated 
surfaces to produce a surface film having the desired 
lubricating properties. Previous investigations have 
established the minimum film tliickness of sulfide on 
copper. To provide similar information for sulfide on 
steel, an investigation was conducted to study chem- 
ically the formation of sulfide films on steel and to es- 
tablish the minimum film thickness necessary (Tecli- 
nical Note 2460) . The calculated rate of film formation 
on steel in a solution of 0.6 percent free sulfur in cetane 
was approximately 1.8 x 10® Angstrom units per second 
in the temperature range from 1,000 to 1,100° F. Static 
friction data indicated that dry film thicknesses of 5000 
Angstrom units or greater were necessary to prevent 
surface welding completely. Welding was appreciably 
reduced, however, with film thicknesses as low as 3400 
Angstrom units. 

The extreme corrosive nature of most liquid metals 
proposed for use at elevated temperatures in aircraft 
powerplants introduces many critical design problems ; 
for example, obtaining satisfactory materials for slid- 
ing surfaces, such as pump bearings. Accordingly, an 
investigation was conducted to determine the friction 
and surface damage characteristics in air of several 
materials that are resistant to corrosion by liquid met- 
als. The materials tested included steel, stainless steel. 
Monel, nickel, Inconel, Nichrome, zirconium, and tung- 
sten carbide. Appreciable surface damage was evident 
for all materials tested except tungsten carbide. 

One of the principle sources of failure in rolling- 
contact bearings of aircraft turbine engines has been 
the cages. These failures are generally lubrication faO- 
ures and occur in the cage locating surfaces. One 
means of reducing the severity of this problem is to 
make the cages of materials which have inlierent “anti- 
weld” characteristics under marginal conditions of lu- 
brication. Accordingly, the wear and sliding friction 
properties of a number of nickel alloys for use below 
600° F. operating against hardening SAE 62100 steel 
were studied (Technical Note 2758). On the basis of 
these tests Ni-Resist 3, modified.“H” Monel, and Invar 
were the best materials studied, although they did not 
perform as well as the nodular iron studied previously. 

This investigation was continued with the objective 
of studying a number of materials for use above 600° F. 
(Technical Note 2759). This included cast beryllium, 
nickel, heat-treated beryllium-nickel, cast Inconel, Ni- 
monic 80, Inconel X, Refractalloy 26, and Discaloy. 
The cast Liconel performed very well in these experi- 
ments and compares favorably with nodular iron. Ni- 
monic 80 also showed promise as a cage material. 

Bearing Research 

In an effort to provide a practical means of estimating 
rolling contact bearing temperature changes, due to a 


change in sudi operating variables as oil flow, oil inlet 
temperature, oil jet diameter, and DN values, a general- 
ized equation has been derived, based on a series of pre- 
vious investigations (Technical Note 2420) . It appears 
possible to predict imier-race or outer- race bearing tem- 
peratures from a single curve regardless of whetlier 
speed, load, oil flow, oil inlet temperature, oil inlet vis- 
cosity as affected by oil inlet temperature, oil jet di- 
ameter,” or any combination of these parameters is 
varied. 

In order to determine whether the relationships de- 
1 ‘ived in Technical Note 2420 would apply to a bearing 
of>erating in an actual engine, an investigation Avas con- 
ducted to compare tiiie operating characteristics of a 
laboratory test bearing and an aircraft jet engine roller 
bearing. The relationships appear to be valid even 
though the test engine bearing conditions were suffi- 
ciently different from the laboratory test bearing condi- 
tions that a number of temperature reversals Avere 
noted. 

The influence of oil viscosity on the effectiveness of 
cooling and lubricating high-speed rolling-contact 
bearings is of significance in turbojet and turbo-prop 
engine d^gn. Not only must the bearing be lubricated, 
but a large portion of tlie bearing heat must be remoA'cd 
by the lubricant. An investigation was conducted to 
study the effects of oil viscosity on the operating char- 
acteristics of high speed roller bearings (Technical 
Note 2636). In particular, the effects of oil viscosity, 
oil flow, and oil inlet temjjei’ature on the bearing tem- 
perature and power rejected to the oil were obtained. 
In the Auscosity range investigated, the bearing temper- 
atures increased with increasing oil viscosity at a con- 
stant DN load and oil flow. 

Cornell University, under the sponsorship of the. 
NACA, has been conducting an investigation of the 
effect of misalinement on plain bearings for tlie past 3 
years. Recently, information has become available on a 
program having the objective of studying the effect of 
misalining couples upon oil film pressure distribution 
in a journal bearing (Technical Note 2507) . The most 
important effect noted Avas tlie relatively small displace- 
ment of the load from the center of tlie bearing (16 per- 
cent of the bearing length) to produce a large disturb- 
ance in the oil film pressure. 

COMPRESSOR AND TURBINE RESEARCH 
Compressor Research 

Research on tlie compressor component of the turbo- 
jet engine is being directed toward tlie development 
of compact, light, efficient machines having high pres- 
sure ratios per unit length and high air floAVS. This 
research consists of theoretical study of basic phe- 
nomena and the experimental evaluation of compressors 
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for the development and evaluation of design pro- 
cedures for industry. 

Studies of the basic effects of viscosity have been 
made to increase the understanding of the important 
but heretofore neglected three-dimensional effects in 
turbomachinery. The development of the laminar 
boundary layer over a fiat plate in a flow having con- 
centric circular streamlines was analyzed and both the 
boundary-layer thickness and the flow deflection at the 
plate surface were foimd to increase as the Mach num- 
ber of the main flow increased (Technical Note 2658). 
A theoretical study of two-dimensional shear flow in a 
90° elbow was made and solutions were obtained for 
two types of velocity distribution induced at the elbow 
inlet (Technical Note 2Y36) . 

A mathematical tecimique has been developed and 
extensively checked for designing blades of axial- or 
mixed-flow turbomachines. A flow solution was first 
obtained on a surface roughly parallel to and midway 
between two blades and then extended toward the blade 
surfaces by power series expansions using values of the 
unknown derivatives from a solution obtained on a 
complementary surface (Technical Note 2604). The 
technique was expanded to a surface of revolution by 
two methods, both of which assumed the flow confined 
to the surface. Relaxation techniques were used in 
Technical Note 2455 to obtain a solution while a cyclic 
series expansion method was used in Technical Note 
2702. It was foimd that discrepancies obtained in the 
blade shape could be eliminated by adjusting the initial 
assumptions and repeating the calculations. The tech- 
nique was further extended to supersonic flows by set- 
ting up the equations in characteristic variables (Tech- 
nical Note 2492) . Computational studies on the paral- 
lel, midchannel surface were made in Technical Notes 
2750 and 2749. The former employed a matrix method 
and was done on IBil and UNIVAC. The latter em- 
ployed a relaxation technique and was the more time- 
consuming. A method which accoimts for the three- 
dimensionality of the supersonic flow field in a turbo- 
machine based upon a mathematical theory for the type 
of equation involved is presented in Technical Note 
2705. It requires the velocity to be prescribed on a 
suitable surface and uses numerical methods to obtain 
a solution. 

To obtain an independent measure of the accuracy 
of approximate compressible flow solutions, four neces- 
sary conditions for steady, irrotational, compressible 
flow were obtained. An application to typical com- 
pressor cascades indicated that an approximation based 
on the linear pressure-volume relation is considerably 
more accurate than the incompressible or Prandtl- 
Glauert approximations (Technical Note 2501) . 

Studies have been conducted in two-dimensional, 
static cascades to facilitate the development of efBcient 
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flow passages in turbomachines. The effect of Mach 
number on the aerodynamic parameters of a typical 
compressor blade was investigated and a correlation 
between theory and data from solid wall cascades was 
found by using the contraction coefficient. Various 
compressibility correction methods were compared with 
experimental results and a method which most nearly 
approximated the coefficient of lift was presented 
(Technical Note 2649). General flow channel design 
techniques have been developed using relaxation meth- 
ods (Technical Note 2593) and Green’s function (Tech- 
nical Note 2595) . The application of these techniques 
to the design and experimental investigation of a 90° 
impulse cascade of compre^r or turbine blades has 
shown that blades can be designed for prescribed blade 
surface velocities, negligible boundary-layer separation, 
and good efficiency (Technical Note 2652). 

The research on multistage compressors has consisted 
of investigations into surge limitations, stage matching, 
off-design performance and viscous effects. A review 
and survey of the centrifugal and axial-flow compressor 
research work done by the NACA in experimentally 
determining the nature of flow during surge 
and the general explanations of the surge phenomena 
that have resulted from this work have been presented.' 
A discussion of the multistage axial-flow compressor 
showed several possible means of varying the surge limit 
and avoiding surge problems by improving the com- 
pressor efficiency at part speed.* 

The design of a 10-stage axial-flow compressor em- 
ploying a symmetrical diagram, constant total enthalpy 
at all radii, and a stage pressure ratio of 1.2 was carried 
out. An analysis of the efiEects of the principal design 
variables was made in order to estimate the upper limit 
of stage pre^ure ratio for subsonic blade sections. 
The study indicated that the assmnption of 85 percent 
adiabatic efficiency, 1.30 average stage pressure ratio, 
and an equivalent weight flow of 26 pounds per second 
per square foot of frontal area is reasonable and ob- 
tainable using practical design limitations (Technical 
Note 2589). 

As part of the general program to develop efficient 
liigh-pressure-ratio compre^rs, the Langley Cascade 
Aerodynamics Section has evolved a method for the 
preliminary design calculation of high-pressure-ratio 
multiple-stage axial-flow compressors using the solid- 
body inducer-type design (Teclmical Note 2598) . Com- 
pressors of this type have an inducer first stage which 
sets up a prescribed total-tempeniture distribution so 
that the inlet axial velocity to the second stage is radi- 
ally constant. The remaining stages have radially con- 
stant ix>\ver input, average tangential velocity propor- 
tional to the radius, and radially constant rotor inlet 


•See Bn Hock and Finjfer papfr In “Other Te<?linlcal Paper* bj* Staff 
Member*,” page 59* 
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axial velocities equal to the inlet axial velocity of tlie 
compressor. A chart which facilitates preliminary de- 
sign calculations for any solid-body inducer-type de- 
sign is presented. 

Research on tlie impellei-s and diffusers of centrifugal 
compressors has been canned for^vard with tlieoretical 
analyses and with experimental units for establishing 
tlie merits of the theoretical results. Analytical studies 
of impellers were completed in which flow variations 
from hub to shroud and from blade to blade were in- 
vestigated. In the hub-to-shroud studies, methods of 
analyzing imiiellere of arbitrai^’^ design were developed 
and the effects of inducer vane curvature on the flov? in 
a typical centrifugal imi>eller were evaluated (Tech- 
nical Note 2464) . Similarly a method of analysis was 
developed for the flow from blade to blade in turbo- 
macliines having an arbitrary blade shape. The effect 
of varying flow rates and blade spacings was studied 
in an impeller having an arbitraiy hub-shroud contour 
(Teclmical Note 2654) . 

An analysis method and a design procedure were de- 
veloped for the flow in vaneless diffusers having ar- 
biti'ary profiles in the axial-radial plane. From numer- 
ical examples, it was concluded that friction losses in 
most vaneless diffusers are significant and i-esult from 
the unusually large ratios of wetted surface to flow area 
and that vaneless diffuser efficiency can be improved by 
increasing flow rates for a given impeller tip radius 
(Technical Note 2610). 

A one-dimensional flow analysis of a radial inlet-tyiie 
impeller was conducted to provide an insight into the 
channel flow characteristics under the influence of a 
potential force field. It was found that the phenom- 
enon is generally similar to that in a stationary con- 
vergent-divergent nozzle. Analysis of data from a 14- 
inch-diameter impeller of this type showed that the flow 
beliavior was generally similar to that in a rotating 
radial channel whose inlet area varied with the operat- 
ing point (Teclmical Note 2691) . 

Tlie flow in a rotating impeller channel has been ex- 
perimentally studied in a 48-inch radial inlet impeller 
that was instrumented to give the internal distribution 
of temperature and pressure. The impeller was com- 
pletely investigated both as originally designed and 
with modified blade shapes. A region of high loss was 
found to generally exist along the trailing face from a 
combination of low-energy air shifting toward the trail- 
ing face and losses produced by decelerations along the 
trailing face. Tie investigation of the modified ini- 
jieller showed that the iiitermil efficiency can be im- 
proved by designing for proper velocity distributions 
(Technical Notes 2684 and 2706). 

Turbine Research 

The turbine component of a turbojet engine must be 
small, light, and efficient and as an engine comixment 


it must inatcli the performance of the compressor. The 
severe aerodynamic demands must be balanced against 
the lunitations of material stre^ at elevated tempera- 
tures. Turbine research, is being directed toward im- 
proved general performance and the development of 
means by which tlie optimiiin design can be selected for 
any specific application. 

Since it is essential that turbine components conform 
to the engine specification of small size and weight, an 
exploratory velocity diagram analysis was made to es- 
tablisli tlie aerodynamic specifications of a single-stage 
turbine which would most effectively provide these 
characteristics. The results indicated that supersonic 
velocities in both the rotor and stator would be present 
and that the requirements would be met by an impulse 
diagram at the mean radius (Teclmical Note 2732). 

A c om pressible-flow plotting device which can be 
used to obtain solutions of two-dimensional com]n‘cs- 
sible flows through well-defined passages has been de- 
veloped in the Langley Cascade Aerodynamics Section. 
This method, presented in Technical Note 2681, makes 
use of plastic cams which automatically set the lengtli- 
width ratio of rectangles formed by stream lines and 
equipoteiitial lines, which are represented by spring- 
steel wires. Pressure distributions around four cas- 
cades of turbine blades and along the surface of a 
choked nozzle detennined by tliis method are shown to 
compare well with experimental results. The use of this 
device eliminates tlie need for difficult and time-con- 
suming matliematical calculations of two-dimensional 
turbine-blade pressure distributions. 

Turbine Cooling 

Turbine-cooling research continues to be directed to- 
ward tAvo major objectives; reduction of the critical 
materials content of the turbine engine necessary to 
withstand elevated temperatui’es by adequately cooling 
highly stressed members such as the turbine disks and 
blades, and development of means whereby gas turbines 
may be operated at higher gas temiieratures to achieA’e 
large gains in engine performance. 

Experimental investigations designed to achieve the 
first objective have been extended to full-scale applica- 
tions of air cooling to a centrifugal- type turbojet en- 
gine, redesigned with turbine disks and blades of non- 
strateglc materials. These applications have been 
checked under endurance and cyclic operating condi- 
tions. 

The second objective has been advanced by an inves- 
tigation .of the alterations an existing turbojet would 
require to permit operation at 2,000° F. gas tempera- 
ture and by continuing the investigations of transpira- 
tion and liquid cooling. 

A great deal of effort has been directed toward ob- 
taining fundamental heat-transfer data ujpon which 
in-esent designs are based. A summary of the turbine- 



REPORT JfATIONAT, ADVISORY COMinTTEE FOR AERONAUTICS 


35 


cooling heat-transfer investigations is given in a paper 
which was presented at a general discussion of heat 
transfer in Ix)iidon in September 1951.* 

The influence of light refraction on the applicability 
of the Zehnder-Mach optical interferometer to two- 
dimensional, cooled boundary layer was studied. A 
method is presented for estimating the refraction ef- 
fects on a cooled boundary layer similar to that en- 
countered in flow over cooled turbine blades (Technical 
Xote 2iG21. 

Extensive research has been conducted to develop 
methods for calculating local gas-to-blade heat-transfer 
rates in the laminar flow regions around the blade lead- 
ing edge and along the surfaces so that local blade 
temperatures may be calculated. Transpiration cooling 
required modifications of the methods to account for 
the effects of flow through the permeable walls on the 
heat transfer. Analyses were made which simultane- 
ously accounted for the effects of flow through the po- 
rous wall, large pressure gradients around the blade, and 
large temperature differences between the gas stream 
and blade. As a result the values of local heat-transfer 
rates sufficiently accurate for engineering applications 
can now be determined for permeable cylinders of arbi- 
trary cross section with the aid of dimensionless charts 
which greatly decrease computation time (Technical 
Notes 2479 and 2T33). 

.;Vn imderstanding of the characteristics of free-con- 
vection flows with heat transfer is important to aero- 
nautics in the design, for example, of gas-turbine rotor 
blades cooled by tlie centrifugal-force-induced free con- 
vection flow of coolant in the blade passages. As a 
simplification of the many free-convection flow prob- 
lems, a general analysis of the free-convection flow 
about a Sat plate parallel to the directiop of the gen- 
erating body force has been made. Velocity and tem- 
perature distributions have been computed therefrom 
for large Grashof numbers and for Prandtl numbers 
corresponding to those of liquid metals, gases, liquids, 
and very viscous fluids. It is shown that velocities and 
Nusselt numbers of the same order of magnitude as 
those associated with forced convection flows can be 
obtained under free-convection conditions. A flow and 
a heat-transfer parameter have been derived from which 
the important physical quantities can be computed. 
The analysis has been published as Technical Note 2635. 

An experimental investigation of forced-convection 
heat transfer and associated pressure drops was con- 
ducted with air flowing through electrically heated In- 
conel tubes having various degrees of square-thread 
type roughness. Data were obtained for roughness 
ratios (thread height/tube radius) of 0 (smooth tube), 
0.016, 0.025, and 0.037 for average stream Reynolds 
numbers up to 350,000, average surface temperatures 

*Sec EUerbrock paper in “Otter Tectnlcal Papers by Staff Members,” 
page 00. 


up to 1,950° R., and heat flux densities up to 115,000 
B. t. u. per hoiu* per square foot. The results showed 
that both heat-transfer and friction coefficients increase 
with increase in surface rouglmess. For a given rough- 
ness, both heat transfer and friction were also affected 
by the ratio of tube-wall temperatui’e to air tempera- 
ture. As previously found for smooth tubes, the effect 
of snrface-to-air temperature ratio could be eliminated 
from the heat-transfer data by a modification of the 
conventional Nusselt correlation parameters wherein 
the mass velocity in the Reynolds number was replaced 
by the product of air density evaluated at the. film tem- 
perature and the average stream velocity j in addition, 
the physical properties of air were evaluated at the film 
temperature. It was further found that the heat-trans- 
fer data for all the rough tubes, as well as the smooth 
tube, feU on a single line when the average stream ve- 
locity in tlie Reynolds number was replaced by the so- 
caUed friction velocity. 

Work with air flowing in smooth tubes was extended 
to include measurement of average heat-traqsferiund 
friction coefficients with short tubes (length-diameter 
ratio, 15). It was foimd tliat the experimental data 
could be correlated by the same methods used for the 
longer tubes (length-diameter, ratio jcsyige, to 120) 
previously investigated. 

ENGINE PERFORJIANCE AND OPERATION 

Performance and Operating Ch^yacteriatica ' 

The effect of compressor-outlet air bleed for cooling 
purposes on turbojet-engine perfonnance was calculated 
by the use of an analysis based on experimentally deter- 
mined component characteristics of .a centrifugal-flow 
turbojet engine with a constant-area jet nozzle. A 
range of engine speeds from 90 to 100 percent rated 
engine speed and air-bleed rates u^) to 10 percent of 
compressor air flow were considered at a flight Mach 
number of 0.52 and an altitude of 24,000 feet. This 
investigation was reported in Technical Note 2713. 

Engine Controls 

Three methods of analysis in order to make possible 
a choice of a suitable method of determining engine 
dynamic characteristics are presented in Technical Note 
2634. The limi tations of each method of analysis are 
discussed with respect to the accuracy of results, ease 
of obtaining and processing data, and economical use 
of engine and test facilities. 

PropuIsion-SjBtem Analysis 

An analytical study was undertaken to develop a 
simplified design method for determining the optimum 
turbine and exhaust nozzle design for use with a selected 
compressor design in a turbo-propeller engine. After 
the components are matched, the over-all performance 
of the engine for a range of operating conditions may 
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be predicted from the component characteristics by 
means of the equilibrimn equations used for matching 
the engine. The development of tJie method is followed 
by an example in which performance maps of a turbine- 
propeller engine are calculated for tliree values of ram- 
pressure ratio and for a range of ratios of exhaust- 
nozzle to tui'bine-inlet axTa. This investigation is re- 
ported in Technical Note 2450. 

The theoretical analysis of thrust augmentation of 
turbine-propeller engines has been completed and the 
results presented in Technical Notes 2672 and 2673. 
The effect of compressor-inlet water injection on the 
performance of an axial-flow compressor operating as 
a component of a gas-turbine engine is presented in 
Technical Note 2673. The augmented performance of 
tlie turbine-propeller engine is presented in Technical 
Note 2672. Augmentation methods considered are 
compressor-inlet water injection, tail-pipe burning, and 
their combination. Flight conditions covered vary 
from take-off to transonic flight at high altitudes. 

The thermal lag inherent in thermocouples and re- 
sistance thermometers introduces a significant error 
when rapidly fluctuating temperatures are being meas- 
ured. Basic electrical networks have been worked out 
which compensate for this as encountered in combus- 
tion research and the control of jet power plants (Tech- 
nical Note 2703). 

Engine Accessories 

The analysis of the use of an afterburner heat ex- 
changer (Technical Note 2466) on a turbojet engine 
completes the analytical evaluation of different meth- 
ods of power extraction from a turbojet engine. In 
the analytical investigation of Uie performance of af- 
terburner heat exchangera, thi*ee main phases are con- 
sidered: (1) the method of analysis and the develop- 
ment of geneiralized working charts expressing the 
performance of unfinned heat exchangers ; (2) cal- 
culation of engine performance with heat exchanger 
in operation ; and (3) comparison of the performance 
of unfiimed and longitudinally finned heat exchangers. 

ENGINE MATERIALS RESEARCH 

High Temperature Materials 

Increased intei’est in the ceramic-metal materials 
called ceramals for use as turbine blade materials at 
high temperatures has resulted in the evaluation of the 
elevated temperature projxerties of a large number of 
combinations. However, there has in tlie past been in- 
sufiicient effort directed toward understanding the rea- 
sons why a mixture of a metal and a ceramic combine 
most of the good points of the two components with 
only a few of the undesirable characteristics. The 
logical procedure for arriving at such an understanding 
consists of studying the process by wliich ceramals are 


made, beginning with the raw materials and ending 
with a study of the effect of fabrication veriables on 
strength 

Such studies were undertaken, using the simple ma- 
terial chromium-carbide to determine tlie interrela- 
tionship between grain size, grain growth, and den- 
sity (Teclmical Note 2491). It appears that in the 
early stages of sintering, tlie grain diameter Z> and the 
sintering time t are interdependent, according to tlie 
expression D^—Kt where A is a rate constant and " is 
associated with the. location, size, and shape of the 
voids in the body. However, in the last stage of sinter- 
ing, the grain growth continues independently of the 
density. 

Continuing this line of investigation, it is of in- 
terest to correlate the structural changes observed dur- 
ing the sintering process witli the strength and hard- 
ness of ^e end product (Technical Note 2731) . As one 
would expect, the room temperature strength and hard- 
ness of a simple material such as chromium-carbide are 
influenced by grain size and the number, size, location, 
and shape of the voids witliin tlie sample. However, 
the extent to which the sintering has progressed and the 
sintering conditions whidi will yield the optimum 
room temperature sfrengtli can be determined from 
hardni^ measurements. Additional information has 
been obtained which indicates tliat a large grain size is 
detiimental to room temperature strength, although 
tliis effect may disappear at elevated temperatures. 

Evaluations of a number of ceramals indicated tliat 
titanium-carbide is a very promising base material. 
Ill the original studies, the titanium-carbide had been 
mixed with cobalt. In view of the relative scarcity of 
cobalt, an investigation was undertaken to determine 
whether less strategic materials, such as nickel or iron, 
would be suitable as binder materials. Of tlie two 
materials studied, nickel-bonded ceimets had better 
oxidation and thermal shock resistance.’ Over the 
temperature range of 1,600° to 2,400° F., the optimum 
iron-bonded ceramal and the optimum nickel-bonded 
ceramal were not as strong as the cobalt-bonded ma- 
terial referred to previously, the maximum difference 
being on the order of 60 percent 

As a result of the need for improved alloys for high 
temperature use, a great number of commercial alloys 
have been developed in recent yeara. Most of these 
alloys “contain at least five or six alloying elements. 
With alloys of this com 2 >Iexity, it is extremely difficult 
to establish the oiitimum composition range merely on 
an experimental basis without using a correlation lie- 
tween stinicture and strength properties as a guiding 
principle. In order to make use of this correlation, 
some knowledge" of the phase diagrams concerned is 
necessary. A progi’am was established at the Univer- 
sity of Notre Danie under NACA sponsorship with the 
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objective of establishing at first the phase relationships 
of syst ems having two or three alloying components 
and then continuing by adding one new element at a 
time. Accordingly, a survey was made of the chromi- 
um-cobalt-nickel phase diagram at 2,200° F. by means 
of X-ray diffraction and microscopic studies on 110 
vacuum-melted alloys (Technical Xote 2602). The 
project was continued with the objective of determining 
an isothermal survey of the phase diagram for the 
chromium-cobalt-nickel-iron ^stem at 2,200° F. The 
iron content was varied up SO percent to. include the 
range of the commercial chromium-cobalt-nickel alloys. 
In addition, some effort was placed on the cobalt-chro- 
mium-iron system (Technical Note 2603). Finally, a 
survey was made of the chromium-cobalt-nidiel-molyb- 
denum system at 2,200° F. The component cobalt- 
nickel-molybdenum, chromium-cobalt-molybdeniun, 
and chromium-nickel-molybdenum systems were also 
studied. The survey of these systems was confined to 
the determination of the boundaries'of the alpha solid 
solutions and of the phases existing with alpha at 
2,200° F. (Technical Note 2683) . 

Current gas turbine blade alloys should not by any 
means be considered fully developed. This is particu- 
larly true of the cast alloys wherein the time-to-failure 
of the first specimen in the sample and the last specimen 
in a sample may vary by a factor of as much as 300 
percent. Significant improvement may be obtained by 
increasing the uniformity of the material and thus re- 
ducing the spread between first and last failures. One 
way of doing this is through proper heat treatment 
which, in turn, affects the microstructure within the 
alloy and thus affects the alloy strengtii. A study of 
the effect of six heat treatments on Haynes Stellite 
aUoy No. 21 in the form of small turbine blades was 
undertaken (Technical Note 2513). A marked im- 
provement in the blade life could be associated with 
lamellar microstructure produced by a heat treatment 
at 2,250° F. for one hour, followed by a slow cooling 
to 1,800° F. The conditions of test were 1,500° F. at 
20,000 p. s. i. at the midspan of the blade. 

Under the sponsorship of the NACA, the University 
of Michigan has been conducting an investigation of 
the fimdamental factors influencing the strength of 
high temperature alloys. A previous investigation had 
led to the redefinition of “cold working” as working at 
any temperature for which no appreciable internal 
stress relaxation occurs during the working operation 
or dui’ing the cooling period after such working. One 
unanswered question which immediately presented it- 
self was how the response to cold working might vary 
with chemical composition. This was studied by deter- 
mining the effect of small additions of tungsten, molyb- 
denum, and columbiimi on creep properties after cold 
working and on internal stress relaxation characteris- 
tics of the austenitic alloy N-155 (Technical Note 2586). 


It was concluded that the effects of cold working on 
creep resistance were the same for all the alloys studied 
for temperatures up to 1,600° F. 

One of the problems involved in the use of the cur- 
rent blade aUoys is the occurrence of abnormally large 
or “elephant” grains which, when segregated in such 
sections of the blade as the leading or trailing edge, 
may cause premature failure. As a part of the Univer- 
sity of Michigan program, a study was undertaken 
to induce abnormal grain growth under controlled con- 
ditions in the laboratory in order to study the funda- 
mental causes (Technical Note 2678) . It appears that 
grain growth can be induced by temperature cycling 
alone. Studies of the critical deformation for abnor- 
mal grain growth on subsequent solution treatment in- 
dicated that the critical deformation by rolling lies be- 
tween zero and two per cent. This was independent of 
the temperature at which the deformation was carried 
out. Repeated critical deformations between reheats 
to 2,150° F. resulted in much larger grains after solu- 
tion treating at 2,300° F. than a single deformation. 

For the past several years the National Bureau of 
Standards, under NACA sponsorship, has been conduct- 
ing an investigation of the mechanisms of adheren<;e 
of ceramic coatings to metals. Several previous inves- 
tigations have established that hydrogen is a major 
cause of coating defects when a porcelain enamel is ap- 
plied to a steel base. In an effort to determine the rela- 
tive importance of the various sources of hydrogen, a 
study was made utilizing additions of deuterium in the 
form of heavy water in each of five different processes 
that are related to enameling operations. The gases 
which were given off when the resulting coating speci- 
men was fired were collected and analyzed with a mass 
spectrometer (Technical Note 2617). The major 
source of hydrogen was the dissolved water present in 
the enamel frit that was incorporated into the coating. 
This water apparently reacts with steel at elevated tem- 
peratures, releasing atomic hydrogen, some of which is 
dissolved by the steel. During fast cooling, the steel 
becomes super-saturated with respect to hydrogen and, 
in time, molecular hydrogen forms in small fissures un- 
til sufScient pressure has accumulated to cause the coat- 
ing to fail. Other sources of water, such as the acid 
pickle, mining water, chemically combined water in the 
clay, and the frit quenching water were all minor 
sources of hydrogen. 

Continuing the investigation of adherence, the Bu- 
reau of Standards has conducted an investigation to 
determine the role of cobalt oxide in promoting ad- 
herence of porcelain enamels to iron (Technical Note 
2695) . A radioactive isotype of cobalt (CO”) was used 
as the means for tracing the migration of cobalt during 
the firing of -the enamel on the iron. It appears that 
when a cobalt-bearing porcelain enamel is applied to 
an enameling iron and fired, a cobalt-bearing phase is 
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formed at the enamel-metal interface. The amount of 
the deposit formed will vary directly witli the severity 
of the firing treatment and appears to be metallic rather 
than a silicate or oxide. 

ROCKET RESEARCH 

Researcli investigations on rocket engines during the 
past year have included studies of combustion, ignition, 
and cooling. 

Pulsating propellant flow is a problem in rocket motor 
operation requiring special research instrumentation for 
proper study. An electromagnetic flowmeter, as a 
means of measuring instantaneous flow rates of liquid 
propellants, has been designed and tested on a rocket 
engine. This instrument may be used with a number of 
fluids of widely variable properties and will measure 
rapid variations in flow rates not detected by previous 
instrumentation. The electromagnetic flowmeter is cap- 
able of remote operation and will respond to positively 
or negatively directed flow. 

In an effort to reduce the total instrumentation re- 
quired for rocket research, a well-protected central con- 
trol room with connections to outlying test cells has 
been developed. Means of recording accurately a num- 
ber of temperatures and temperature differences as 
measured by thermocouples located in the various test 
cells had to be provided. Tliis required that, witliin a 
few minutes, tlie central instruments be disconnected 
fium one test installation and connected to another and 
that the ranges of the instruments be altered to suit the 
needs of the new installation. This has been made pos- 
sible, in part, by the development of a special, multi- 
stage, self-balancing potentiometer that may be quickly 
adjusted to measure and record the expected tempera- 
ture ranges and temperature differences. The outstand- 
ing characteristics of the instrument are the techniques 
of lufeiunce-jimction comi)ensation and of simultane- 
ous span alteration that permit the rapid selection of 
any one of a large number of ranges. 

The heat transfer and frictional pressure drop of 
nitric acid flomng in tubes is important in tlie possible 
use . with regeneratively-cooled rocket engines. As a 
result of the special corrosive and decomposition prop- 
eities of nitric acids, a special design study of appara- 
tus suitable for determining tliese heat transfer and 
frictional procure drop properties of nitric acid flow 
through heated tubes was contracted for and made by 
Purdue University. 

Adequate cooling of a liquid-propellant i*ocket engine 
is one of the important challenging problems to be 
solved if higher-energy propellants or higher com- 
bustion pressures are to be used to obtain superior per- 
formance from rocket engines. Internal-film cooling, 
wherein a coolant film is formed between tlie hot gases 
and the duct wall to maintain the wall at low tempera- 
ture, may be used in such cases." 


A general investigation of internal-liquid-fihn cool- 
ing is being conducted by the NACA to obtain a cor- 
relation of experimental data that will allow predic- 
tions of film-coolant requirements for specific cooling 
problems. One phase of the fundamental investiga- 
tion was conducted in small diameter straight tubes 
having smooth inner surfaces witJi hot-air flows at 
temperatures to 2,000° F. to determine the cooling effec- 
tiveness of water fihns on the inner surfaces. Cor- 
relation was obtained for heat transfer between flowing 
hot air and liquid films over a range of air flow and 
temperature for constant coolant flows. Heat-transfer 
correlations obtained were dependent upon coolant flow. 

The generalization of all the film-cooling data ob- 
tained with smooth-surface tubes is intended to facili- 
tate the estimation over a wide range of conditions 
of tlie flow of coolant required to film cool a tube for a 
desired distance when the temperature and flow of the 
hot gas are Icnown. 

PHYSICS OF SOLIDS 

The development of a suitable shielding material will 
have a considerable effect upon the success or failure of 
a nuclear powered airplane. To find the most efficient 
shield for a given source of radiation, many combina- 
tions of materials must be considered. Because of tlie 
difficulties of calculation, direct measurement seems the 
proper procedure. However, to tiy all of the possibil- 
ities would require a large volume of experimentation. 
In order to avoid tlie need for elaborate computation 
and for hirge-scale experimentation, earlier work at the 
NACA had proposed a method for predicting the effec- 
tiveness of composite shields on the basis of actual 
measurements made on a relatively small number of 
homogeneous shields. The basic idea presented was to 
treat tlie shield as being composed of a number of 
layers or elements, upon each of which tlie required 
measurements of shielding effectiveness had been made. 
Recent work directed toward simplifying this method 
has resulted in the determination of approximate solu- 
tions of tlie transport equation for two special condi- 
tions: first, that in which multiple elastic scattering 
dominates, and second, that in which the role of niulti- 
l>le scattering with change in direction is small com- 
jiared with other effects (Technical Note 2C47). The 
results obtained serv'e three purposes : (1) They demon- 
strate the impoilance of taking into account the direc- 
tion of motion of the particles ; (2) they provide a 
means for calculatuig the effect of any element wliich is 
not too thick and in which multiple elastic scattering 
is not too important an effect, from tlie results of 
measurements on an infinitesimal element of the same 
material ; and (3) they suggest a -way of simplifying the 
computations necessary in the application of the semi- 
empirical method. 
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Previous studies at Ohio State University had indi- 
cated the desirability of utilizing the helium isotope 
(He®) and the tritium (H*) nuclei as bombarding par- 
ticles in a cyclotron. Because of the extreme rarity of 
these elements and radioactive nature of H“, a new 
method of introducing and circulating tliem was re- 
quired. Such a system was developed by the Ohio 
State University under XACA sponsorship (Technical 
Xote 2573) . Although no actual bombardments in the 
cyclotron were made during the course of this project, 
it is believed that with a sufficiently increased pumping 
speed the circulating system would provide satisfactory 
operation. 

A possible method for measuring tlie current of an 
ion beam in an accelerator would be to measure the 
absolute thick target yield for a known reaction caused 
by the ions and, from this, to calculate the average cur- 
rent. Such a method has been developed by the Ohio 
State University under XACA sponsorship (Technical 
Xote 2627) . It appears that the average beam current 
in a cyclotron can be calculated from the number of 
disintegrations per second observed, the half life of the 
radioactive substance formed, and the reaction cross- 
section. 

In an attempt to devise a convenient metliod for ex- 
amining the distribution of particles in a cyclotron 
beam, the Ohio State University, under NACA spon- 
sorship, developed a radioautograpliic method utiliz- 
ing activated metal foil (Technical Note 2650). Tlie 
method has been confirmed by direct comparison of 
density values and count rates and has also been verified 
for higher energy components of the yS-rays emitted 
from the foils. 

An experimental investigation was made of the 
forced-convection heat-transfer characteristics of a eu- 
tectic mixture of lead and bismuth. Data were ob- 
tained for lead-bismuth eutectic flowing in a circular 
tube with heat addition, and for lead-bismuth eutectic 
flo^ving in an annulus with heat extraction from the 


inner surftxce. Data were obtained both with the pure 
eutectic and with about 0.0-t percent by weight of 
magnesium added to the lead-bismuth eutectic to pro- 
mote wetting of the heat-transfer surfaces. The inves- 
tigation covered an over-all range of Peclet numbers 
(Beynolds "humber multiplied by Prandtl number) 
from 250 to 3000. Measured values of J^usselt num- 
ber were considerably lower than values predicted by 
equations generally used for liquid-metal heat trans- 
fer. The addition of magnesium to promote surface 
wetting resulted in no change in the heat-transfer 
characteristics of the lead-bismuth eutectic. 

An experimental investigation is being made of the 
forced-convection heat-transfer characteristics of mol- 
ten NaOH. The data obtained to date fall on the con- 
ventional correlation line for fluids with Prandtl num- 
bers in the vicinity of 1.0. 

In an attempt to explain the disagreement between 
experiment and previous analyses of liquid-metal heat 
transfer, an analysis was made of heat transfer for 
fluids flowing turbulently at low Peclet numbers in 
smooth tubes. The mixing-length theory was modified 
to account for the heat being continuously transferred 
by conduction to a turbulent particle as it moves trans- 
versely across the tube. The predicted results are 
brought into considerably better agreement with ex- 
perimental data than previously, both for liquid metals 
and gases at low Peclet numbers. 

An analysis was made to determine the effective 
thermal conductivity of a powder from the fraction of 
space occupied by the gas, and the thermal conductivi- 
ties of the solid and the gas which make up the powder. 
In order to check the analj-sis, tests were conducted to 
determine the conductivity of magnesium oxide powder 
in various gases (air, argon, and helium) at tempera- 
tures between 200° and 800° F. The effect of gas pres- 
sure on thermal conductivity was also checked. Good 
agreement was obtained between analytical and experi- 
mental results. 



AIRCRAFT CONSTRUCTION 


The gradual build-up of NACA research in the field 
of aircraft coustraction which was started 2 years ago 
is continuing. The new envii’omnent in which modern, 
airplanes miist operate has brought with it unusually 
complex problems which will be with us for many years. 

Aircraft structures must now be designed to with- 
stand the high temperatures resulting from aerody- 
namic heating at supersonic speeds plus the attendant 
complications brought on by increased air loads. The 
need for thinner wings and slenderer fuselages, also 
dictated by high speed, introduces flutter and dynamic 
response problems so difficult that they cannot be solved 
by known theoi’etical means but must be studied in all 
their complexities by dynamic models. The importance 
of tlie proper selection of materials for aircraft struc- 
tures is obvious when, confronted with tlie design prob- 
lems just mentioned and the need for materials with 
higher stiffness and higher strength at elevated tem- 
perature is apparent. 

Much effort has been spent during the past year in 
studying the need and planning for new research facil- 
ities to make possible adequate progress toward the 
solution of these new problems. However, new facil- 
ities will not be available in the near future so in the 
meantime we are investigating those phases of the prob- 
lems that lend themselves to our present facilities. 

As in the past a portion of NACA’s research in tins 
field was perfonned imder contract at univei-sities and 
other non-profit scientific institutions. A description of 
the Committee’s recent unclassified research on aircraft 
construction is given on tlie following pages and is di- 
vided into four sections: Aircraft structures, aircraft 
loads, vibration and flutter, and aircraft structural 
materials. 

AIRCRAFT STRUCTURES 
Stress Distribution 

Many of the current engineering analyses do not pre- 
dict accurately the stress distribution in fuselages, rein- 
forced by rings and stringers, in which the rings are 
loaded in tlieir planes. The more flexible tlie rings rela- 
tive to the rest of the fuselage structure, the more inac- 
curate are the analyses. Since 1940 many publications 
have appeared treating this subject Avitli more refined 
and complicated analyses, but all have dealt witli fuse- 
lages witli circular cross sections. Hence, in Technical 
Note 2512, a method is presented for finding the effects 
of flexibility on noncircular fuselages which are com- 


posed of a number of circular arcs. This method is 
based upon a general eighth-order differential equation 
applicable to each of the circular-arc sections. Numeri- 
cal examples showing the effects of radial, tangential, 
and moment loads are given. 

In order to evaluate the structural efficiency of sand- 
wich construction consisting of light-weight balsa core 
materiaj and 75S-T6 aluminum-alloy faces, a compari- 
son has been made in Tec hni cal Note 2514 of the weights 
of such sandwiches and of conventional skin-stiffener 
construction for the upper surface of wings. This com- 
parison shows that the sandwich becomes more efficient 
than conventional construction only for tliick wings 
having relatively thick skins. The report also shows 
that sandwiches . witli thick faces and tliin cores are 
most efficient for resisting the compression encountered 
in tlie upper surface of a w'ing. 

A method has been developed by Pennsylvania State 
College for the analysis of tlie deformation of doubly- 
curved thin plates, This method, which is presented in 
Technical Note 2782, is particularly useful for analyz- 
ing fuselage coverings in which the radius of curvature 
in one direction is large. 

One of the present trends in the development of high- 
speed airplanes and missiles is toward the use of tliin 
wings of low-aspect-ratio. The structural analysis of 
tliese wings often cannot be based on beam theory, since 
the structural deformations may vary considerably 
from those of a beam and more closely approach those 
of a plate. In wings that are solid or nearly solid, the 
use of plate theory in the analysis is particularly valid. 
In Technical Note 2621, the structural analysis of solid 
cantilever wings of arbitraiy plan form by tliis plate 
theory is reduced to the solution of linear ordinary dif- 
ferential equations by use of the assumption that the 
chordwise deflections may be expressed in the form of 
a power series. With the senes limited to the firet two 
and the first tliree terms, the differential equations are 
solved exactly for several examples of solid delta wings. 
For cases for which exact solutions to the differentia] 
equations cannot be obtained, a numerical procedure is 
derived. Some experimental data are presented and 
are found to compare favorably with the present theory. 

One method of solving the three-dimensional stress 
problem photoelastically utilizes the removal of slices 
from the stressed model and measuring tlie strains in 
the slices after annealing. In order for tliis method to 
be successful, model materials must possess values of 
Poisson’s ratio considerably lower than those for ma- 
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terials now available. A new general method has been 
developed for the photoelastic determination of the 
principal stresses at a point of a general body subjected 
to arbitrary loads. This method, which was developed 
by the lUinois Institute of Technology, does not de- 
pend upon Poisson’s ratio. The stre^es existing in a 
sphere subjected to compression have been determined 
with considerable accuracy. 

The practical design of sheet elements carrying shear 
loads was for a long time based on one of two limiting 
assumptions : it was assumed either that the sheet did 
not buckle at ah, or else that the sheet buckled as soon 
as a very small load was applied. Standard civil-engi- 
neering formulas were based on the first assumption. 
The analytical theory of pure diagonal tension devel- 
oped by Wagner was based on the second assumption. 
The use of two distinct methods of analysis was unsatis- 
factory because actual structures always work some- 
where between the limiting cases. A number of years 
ago, the NACA began to develop a unified method based 
on a simple theory that would cover the entire range. 
Through extensive experimental investigations, some 
of which were performed by the aircraft industry, the 
methods for analyzing flat webs were developed and 
then extended to curved webs. The advantages of tliis 
theory are that all the results previously obtained for 
flat webs can be utilized and the method is applicable 
to webs of any curvature. 

A number of NACA reports on the work have been 
published since it was started and a certain degree 
of completion has now been reached. A summary has 
therefore been prepared which contains all the essen- 
tial information and supersedes ail previous papers on 
individual phases. The summaiy is divided into two 
parts. Part I (Technical Note 2661) presents the 
metliods of analysis, whereas Part II (Technical Note 
2662) presents the experimental evidence. 

Structural Stability 

Shear webs in thin wings of aircraft are subjected 
to a combination of bending, shear, and transverse 
compression, the transverse compression being induced, 
by spanwise bending of the covers. In Technical Note 
2536 the buckling strength of an unstiffened infinitely 
long flat plate under such a loading is computed ap- 
proximately by the minimum-potential-energy method, 
and three-dimensional interaction surfaces are pre- 
sented for the computation of the combined stresses 
which cause elastic buckling. Surfaces are presented 
for two sets of edge conditions : both edges simply sup- 
ported, and lower edge simply supported with upper 
edge clamped. Present results are in good agreement 
with those for one-load limiting cases previously pub- 
lished. 

The use of sandwich construction for compression- 
carrying components of aircraft often required the 


calculation of the compressive buckling strength of 
curved sandwich plates. Theoretical solutions are pre- 
sented in Technical Note 2601 for the buckling in uni- 
form axial compre^ion of two types of simply sup- 
ported curved sandwich plates: tlie corrugated-coi-e 
tjrpe and the isotropic type. The results are given 
in the form of equations and curves. 

The so-called “double skin” construction, consisting 
of inner and outer flat skins riveted to the crests and 
troughs of a corrugated sheet sandwiched between the 
flat skins, has been used on a number of aircraft in 
those locations at which it is inconvenient to provide 
auxiliary supporting members — such as ribs or bulk- 
heads — ^for the sMn. The stability of this double-skin 
or corrugated-core sandwich construction imder longi- 
tudinal compression is investigated theoretically in 
Technical Note 26T9 and charts are presented for the 
calculation of the buckling of such sandwiches of vari- 
ous proportions. 

The use of simple posts rather than continuous ribs, 
or shear webs to keep the compression skin of the wing 
from buckling has many advantages from the stand- 
point of accessibility and ease of production, A theoiy 
for the calculation of tlie buckling loads for such post- 
stiffened construction has been derived and charts are 
presented for a wide range of combinations of post 
sizes and spacings (Technical Note 2760). 

AIRCRAFr LOADS 
Steady Flight Loads 

A series of charts and approximate formulas for 
estimating aeroelastic effects on the spanwise lift dis- 
tribution, lift-curve slope, aerodynamic center, and 
damping in roll of swept and unswept wings operating 
at subsonic and supersonic speeds are presented in Tech- 
nical Note 2608. In the derivation of the charts, two 
types of stiffness distribution are considered, one which 
consists of a variation of stiffness with the fomih power 
of the chord and one wliich is based on an idealized con- 
stant-stress structure. This set of charts serves to 
simplify design procedure at the preliminary stage and 
indicates the amount and location of material required 
to stiffen a wing which is adequately strong so far as 
normal loads are concerned but which is not stiff enough 
torsionally. The charts also facilitate the achievement 
of wings in which opposing twist effects are so balanced 
against one another as to reduce aeroelastic effects to a 
minimum. 

Maneuvering Loads 

Recent experiences have indicated that sideslip angles 
in rolling maneuvers may be critical to the vertical-tail 
design of airplanes having weight distributed mainly 
along the fuselage. Available methods for estimating 
the maximum angles of sideslip in rolling maneuvers 
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are compared in Tecliiiical Note 2633. The results of 
this study indicate that existing simplified expressions 
for calculating maximum sideslip angles to determine 
vertical-tail loads in rolling maneuvers are not gener- 
ally applicable to airplanes of current design. Tlie re- 
sults further indicate that a general solution of tire 
three linearized lateral equations of motion, including 
product-of-inertia terms, usually will be sufficient to 
determine the sideslip angles expected in aileron rolls 
from trimmed flight. In rolling pull-outs, however, 
when the pitching velocity is .rapid, consideration of 
cross-couple inertia tenns in the equations of motion is 
necessary to obtain the sideslip angles accurately. The 
inclusion of the equation of pitching motion along with 
the lateral equations of motion seems desirable in order 
to obtain the influence of pitching in the cross-couple 
iirertia terms of tire lateral equations. The results also 
indicated tlrat pitching oscillations started during roll- 
ing maneuvers will be influenced by cross-couple inertia 
moments in pitch and may cause large variations in 
angle of attack which affect horizontal-tail loads^ 

Gust Loads 

The NACA VGH i-ecorder, which gives a time- 
history type of record, is being used moi'e and more to 
supplement V-G data particularly for obtaining infor- 
mation on the small but frequent loads which are ob- 
scured in the V-G record. Because of the widespread 
interest in the VGH data an analysis of limited samples 
of data from four types of transport airplanes was un- 
dertaken. Tills analysis flowed a decrease in the num- 
ber of loads of a given intensity with altitude up to 
25,000 to 30,000 feet, the limit of the sample. Mean- 
while additional VGH data were accumulated on a 
two-engine low-altitude transport-type airplane in op- 
eration on a northern transcontinental route. Eight 
luuidred thirty-four hours of data from this operation 
have been analyzed to determine the relation of the fre- 
quency and magnitude of gusts experienced to air- 
speed, altitude, season of the year, and flight condition. 
A synthesis of the VGH data and V-G data was also de- 
rived to give a composite estimate of the over-all gust 
histoiy for these operations. The results of tliis study 
am presented in Technical Note 2663. 

A major problem in connection with the analysis of 
gust-loads data is the development of suitable methods 
for handling such data statistically. In Technical Note 
2260, the statistical concepts of random variables and 
probability distributions are applied to the sharp-edge- 
gust fonnula. Expressions are derived for the fre- 
quency distribution of gust loads in terms of distribu- 
tions of the related variables sucli as airspeed and effec- 
tive gust velocity. Kesults calculated by the derived 
method are compared with available flight-loads data 
with good agreement. . 


In the study of transient flows, two tyi>es of airfoil 
motions have special significance — a harmonically os- 
cillatii^ airfoil and an airfoil experiencing a sudden 
change of angle of attack. The lift function for an air- 
foil undergoing a sudden change in angle of attack and 
tlie lift function associated with tlie growth of lift on an 
airfoil due to penetration of a sharp-edged gust are 
commonly referred to as the indicial lift functions. By 
use of the reciprocal equation for compressible flow, the 
indicial lift and moment function of a two-dimensional 
sinking airfoil have been determined from oscillatory 
lift coefficients for Mach number 0.7 and a comparison 
has bem made Avith results for Mach number 0.0, the 
incompressible case (Technical Note 2652). Similar 
calculations have been made for the piteliing airfoil at 
Mach niunber 0.7 in Technical Note 2613. 

Gust-tunnel investigations of tlie loads on swept 
wings have indicated that the slope of the lift curve 
applicable to gust conditions is a function of the cosine 
of the angle of sweep. Since the delta wing might be 
considered a special form of swept wing, an investiga- 
tion was carried out in the Langley gust tunnel Avitli a 
delta-Aving model having the leading edge swept back 
60°. Tlie results indicated that the gust load was 
greater than would be predicted by using a lift-curve 
slope based on steady-flow force tests. Tlie use of a 
value of lift-curve slope based on aspect-ratio consid- 
erations gave calculated loads which were in good agree- 
ment with the measured ones. 

Theoretical investigations have indicated a decrease 
in gust loads with increasing static longitudinal sta- 
bility. In order to obtain some experimental data on 
this subject, a cooperative flight investigation was un- 
dertaken by the NACA and the All Weather Flying 
DiATsion of the U. S. Air Force. Two jet-propelled 
airplanes, similar except for center-of-gravity location, 
AA’ere floAvn side by side through rough air and the re- 
sulting loads compared. Tlie results of the tests indi- 
cate that a forward movement of the center of gravity 
tended to reduce the gust loads (Technical Note 2575) . 

A summary of the gust-load and airspeed data from 
commercial transport airplanes collected during the 
period from 1933 to 1945 has been issued as Teclmical 
Note 2625. The data were obtained from V-G records 
coA'ering more than 90,000 flight hours on six types of 
transport airplanes on domestic and OA'erseas routes. 

Landing Loads 

An investigation of the air-compression process dur- 
ing drop tests of a small oleo-pneumatic landing gear 
is reported in Teclmical Note 2477. Tlie dropping 
AA-eight of the gear ranged up to 2,500 pounds and the 
Ayrtical velocities at contact up to 11 feet per second. 
The results from these tests indicate tliat the value of 
the air-compression exponent had little effect during the 
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greater part of the impact, but, near the end of the 
impact, air-compression processes might have some ef- 
fect on the total load. The value of the polytropic 
exponent ranged from 1.01 to 1.10 and the air-compres- 
sion processes in these tests can, be adequately repre- 
sented by a polytropic exponent of 1.06. 

In order to investigate the effects of variations in 
wing lift and airplane weight on the landing-gear 
loads, drop tests have been made with a small landing 
gear. Wing lift was simulated by the mechanical ap- 
plication of lift force which was constant throughout 
a given impact. The tests covered a range of wing- 
lift factor of 0 to 2.0, vertical velocities at contact of 
0 to 12 feet per second, and dropping weiglits from 
1,000 to 2,500 pounds. In general, an increase in the 
wing-lift factor reduced the landing-gear loads by an 
amount which was roughly equal to the incremental lift 
force. An increase in airplane weight resulted in the 
increase in landing-gear loads which was not propor- 
tionally as large as the weight increase (Technical Note 
2645). 

An analytical study was made of the rigid-body dy- 
namics of airplanes during eccentric landings, and an 
impulse momentum method developed for calculating 
landing contact conditions for successive impacts in 
such landings. Tliese contact conditions, whicli include 
landing-gear velocity, effective mass, and airplane atti- 
tude at contact, govern the energy-absorption require- 
ments of the gear. The analysis includes evaluation 
of vertical, horizontal, and side drift velocities, wing 
lift, roll and pitch angles and velocities, landing-gear 
location, energy-absorption eflSciency, and wheel angu- 
lar inertia. Application of the analysis indicates that 
landing impacts in eccentric landings can be more se- 
vere than those in symmetrical landings with the same 
sinking speeds. The results of tliis investigation have 
)>een published in Technical .Note 2590. 

One investigation has been made of water-pressure 
distributions during landings and planing of a heavily 
loaded rectangidar flat-plate model. Initial impact 
conditions and maximum pressures are presented in 
tables and figures (Technical Note 2453) for all impacts 
together with the time liistories of the pressure distri- 
bution, draft, vertical velocity, vertical acceleration, 
and wetted length. 

A semiempirical procedure for computing the water 
pressure distribution on flat and V-bottom surfaces 
during impact or planing is presented in Technical Note 
2583. For the rectangular flat plate, a consideration 
of several previous theoretical derivations and some 
observations of the experimental data lead to the devel- 
opment of simple equations which are in good agree- 
ment with experimental data for trims below 30° and 
for wetted-length-beam ratios at least up to 3.3. For 
a V-bottom prismatic surface with appreciable chine 
immersion, the pressiures on chine-immersed sections of 


a model having an angle of dead rise of 30° were found 
to be very similar to those on the cori'espondiiig flat 
plate so that a simple modification of the flat-plate 
equations can be used to predict approximately the 
pressures on V-bottom surfaces. 

\TBRATION AND FLUTTER 
Oscillating Air Forces 

Increasing use is being made of higlily swept and 
triangular wings for supersonic flight. A knowledge 
of the air forces and moments on such wings under- 
going oscillations is of paramount importance to the 
flutter analyst. Technical Note 245T contains a study 
of the triangular wing with subsonic leading edge un- 
dergoing sinusoidal torsional oscillation and vertical 
translation. The air forces and moments are obtained 
by deriving the linearized velocity potential in the form 
of a power series involving a frequency parameter. 
Technical Note 246T contains two approximate methods 
for deriving the oscillatory air forces and moments on 
a swept wing with supersonic leading and trailing 
edges. A similar study for triangular and related 
wings with supersonic leading and trailing edges is re- 
ported in Technical Note 2494. 

When linearized supersonic theory is applied to the 
case of a non-osciUating wing at sonic speed, infinite 
values of lift and moment are predicted. However, it 
has been found that for the case of the oscillating wing 
or aileron, finite values are obtained. Thus, in Tech- 
nical Note 2590 explicit expressions for the lift and 
moment are developed for vertical translation and 
pitching of the wing and rotation of the aileron. Tables 
of coefficients for use in wing-flutter calculations are 
included as well as some bending-torsion flutter 
calculations. 

Wind-Tunnel Wall Corrections 

An analytical investigation has been made of the ef- 
fect of wind-tunnel walls on the oscillating air forces 
for two-dimensional subsonic compressible flow. The 
tiumel walls were simulated by the usual method of 
placing images at appropriate distances above and be- 
low the wing. It was shown that for ceifain conditions 
of wing frequency, tunnel height, and Mach nmnher, 
the tunnel and wing may form a resonant ^stem so 
that the forces on the wing are greatly changed from 
those having no tunnel-wall effects (Teclmical Note 
2552). 

Flutter of Low-Density Wings 

An experimental study using light unifonn canti- 
lever wings has been made to determine the effect on 
the flutter characteristics of such parameters as fluid 
density, positions of the wing elastic axis and center of 
gravity, the ratio of bending frequency to torsional 
frequency, and aspect ratio. Tie experiments were 
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conducted for a range of density corresponding to a 
variation in altitude from sea Ifivel to 40,000 feet. For 
each, case of experimental flutter, a theoretical calcula- 
tion for the corresponding conditions at flutter was 
made. In general, the theoretical results followed the 
trends shown by experiment except at very low values 
of the relative-density parameter. 

Swept Wing in Pure Bending 

It is theoretically possible for a sweptback wing 
which has infinite torsional stiffness to flutter in pure 
bending. Although no actual airplane wing can have 
infinite torsional stiffness, a study of the bending-alone 
ease is of value inasmuch as it is more easily and quickly 
made than one for coupled flutter and the parameters 
affecting the bending-alone flutter may be expected to 
have similar effects on the coupled flutter speed. An 
analysis, presented in Technical Note 2451, uses aero- 
dynamic coefficients of two-dimensional incompressible 
flow and includes effects of wing-mass-density ratio, 
sweepback, length-semichord ratio, and Mach number. 
Compressibility was shown to have a greater effect on 
the speed of pure-bending flutter and closely related 
coupled flutter for swept wings tlian on coupled flutter 
of unswept wings. 

Control-Surface Flutter 

Various investigations have been made in the past of 
the possibility of single-degree-of-freedom flutter in- 
volving pitching of the wing or the bending of a swept 
wing. In Technical Note 2551_a parallel investigation 
was made of the effect of various parameters, including 
Mach number, on the single-degree-of-fi'eedom flutter 
of a control surface. This paper demonstrates that 
flutter of a single-degree-of-freedom control surface is 
possible. The effects of structural damping, aerody- 
namic balance, axis of rotation, and compressibility are 
included. The mechanisms of instability are based on 
potential flow and therefore the results are not directly 
applicable to separated flow. 

Structural Damping of an Airplane Wing 

The structural damping of an airplane wing may 
have an important effect upon the flutter characteristics. 
An investigation of the structural damping of a full- 
scale airplane wing undergoing vibration showed the 
damping to increase markedly with the amplitude of 
vibration (Technical Note 2694). ■ 

Lateral Vibrations of Hollow Thin-Walled Beams 

Because of secondary effects such as shear lag, trans- 
verse shear deformation, and longitudinal inertia, the 
elementary theory of bending vibration is not adequate 
for the accurate calculation of natural modes and fre- 
quencies of hollow thin-walled cylindrical beams. In 
Technical Note 2682 general solutions for the modes and 
frequencies, of such beams are given and the combined 


and separate influences of the secondary effects are 
shown quantitatively. Tlie general solutions pi’esentcd 
for cylinders of uniform thickness and the numerical re- 
sults presented for rectangular box beams will be use- 
ful in ajs^sing the accuracy of simplified procedures 
developed for the calculation of inodes and frequencies 
of thin- walled box beams. 

AIRCRAFT STRUCTURAL MATERIALS 
Fatigue 

The problem of fatigue failure of materials under 
various types of loading is important to the designers 
of structures and structural elements. Efficient design 
of equipment is dependent upon the knowledge of the 
material used. Fatigue failure plays an extremely im- 
portai^role in the type of mateiial used, shape of the 
element designed, and methods of fabrication. Tlie 
Univei^ity of Illinois has recently completed a study 
dealing with fatigue failure of 76S-TG1 aluminum 
alloy under sevei’al conditions of combined stress. The 
observed modes of fracture under these conditions are 
described, and a qualitative theory on the mechanism 
of formation and propagation of fatigue cracks is pro- 
posed. An attempt to interpret the observed failures by 
means of this theoiy is also made. 

The evaluation of stress concentration factors due 
to geometric discontinuities is necessary to predict the 
Sitatic strength of parts made of materials with low 
ductility and tlie fatigue strength of any part con- 
taining such discontinuities. Because of analytical 
difficulties, theoretical studies of stress concentrations 
have been limited to simple geometric shapes and, until 
recently, to the elastic stress range. An experimental 
investigation was undertaken to determine tlie elastic 
stress concentration factors for several shapes not pre- 
viously treated and to determine the reduction of tliese 
factors as the material was stressed in the plastic range. 
The specimens used were large enough to permit deter- 
minatira of highly localized maximum stresses. The 
elastic stress concenti'ation factors were found to agree 
with companion photoelastic tests witliin the combined 
experimental error of the two investigations. Reason- 
able agreement was also found betiveen results of these 
tests and predictions by theoretical considerations of 
similar, but not identical shapes. The plastic stress 
concentration factore were found to agree well with 
a generalized form of an expression for plastic stress 
and strain concentrations at a circular hole in an in- 
finite plate, reported previously in Technical Note 2073. 
The results of this more recent investigation are pre- 
sented in Technical Note 2566. 

Creep 

The behavior of matei-ials under load at elevated 
temperatures must be fully understood to enable the 
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most efficient design of many structural elements. 
Creep, the plastic deformation of materials under load, 
is one of the basic phenomena associated VFith, high tem- 
perature. Accordingly, a study into the basic nature 
of creep of materials under load has been undertaken 
at the Battelle Memorial Institute. Many theories 
have been proposed to predict the creep behavior of 
materials, but many gaps exist even in these theories, 
and the experimental work in the literature does not 
cover a sufficiently wide range of possible conditions to 
be of great aid in the design of structures or structural 
elements. The portion of this program reported in 
Technical Note 2618 covers that phase of the research 
dealing with creep in high purity al uminum under con- 
stant load and constant temperature. Agreement is 
obtained with the exhaustion creep theory of Mott and 
Nabeno at low stresses, while at the higher stresses 
agreement is obtained with the ideas expressed by 
Andrade. “ ' ' ' 

Plasticity 

In Technical Note 2576 a qualitative check on the 
basic assumptions of several different theories of plas- 
ticity is given by photomicrographs of the surface of a 
2S-0 aluminum-alloy specimen subjected to tensile 
strains ranging between 0 and 3 percent. The manner 
in which the inception and development of slip lines 
took place is compatible with, but does not necessarily 
verify, the conception that plastic deformation is pri- 
marily due to slip. Slip was observed to occur first in a 
few isolated grains and to spread gradually to adjacent 
grains as the stress level increased. The occurrence 
and spread of the slip lines suggested independent be- 
havior of randomly oriented grains at low stress levels, 
with interaction among grains increasing as the stress 
level increases. In Technical Note 2577 an attempt is 
made to assess quantitatively the assmnptions on which 
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one of the more recent theories of plasticity, the so- 
called “slip theory,” is based. This assessment is made 
by comparing an experimental distribution of the fre- 
quency of the angular orientation of the slip lines with 
theoretical distributions calculated for the same model 
as that used in formulating the stress-strain laws of the 
slip theory. Although good agreement is obtained in 
the shape of the distributions, the comparison between 
the experimental maximum slip angle and that pre- 
dicted by the theory is not very good. 

Plastics 

Loss of strength in plastic glazing due to crazing of 
the material has become a vital factor in the design of 
aircraft cabin enclosures. Pressurization of com- 
mercial and military aircraft has become commonplace, 
and plastic glazing failure due to crazing has brought 
about the need for continued research into the effects 
of temperature and load on the strength characteristics 
of plastics before and after crazing. The National 
Bureau of Standards is continuing its work on poly- 
methyl methacrylate and reports in Technical Note 
2778 a study of the stress and strain values at various 
temperatures at the onset of crazing. In the tempera- 
ture ranges studied (23° to 70° C.) , it was found that 
the average stress at craze onset was 80 to 95 percent 
of the tensUe strength. In Technical Note 2779, the 
effects of biaxial stretch forming on the tensile and 
crazing properties of polymethyl methacrylate are 
reported. 

Moderate biaxial stretch forming up to 50 percent 
greatly increased the stress threshold of crazing and the 
strain and total elongation at craze onset but did not 
effect the tensile strength and secant modulus. The 
stress threshold of stress crazing was increased approxi- 
mately 40 percent for times up to 7 days, and the stress 
tlireshold for stress-solvent crazing increased about 70 
to 80 percent. 



OPERATING PROBLEMS 


Inadvertent Speed Increases in Transport Operation 

Some factors relating to inadvertent speed increases 
in transport operation have been investigated with the 
object of indicating the manner in which speed gains 
might vary with diflfex’ent qualities of the airplane and 
the minimum margins required to guard against reach- 
ing unsafe values. The speed increments and tlie mar- 
gins required under several assumed conditions were 
studied analyticaUy, and the results indicate that, on a 
percentage basis, smaller margins would be necessary 
for high-speed airplanes than for low-speed airplanes 
to prevent overspeeding in inadvertent maneuvers 
(Tecimical Note 2638) . In addition, tlie possibility of 
exceeding placard speed in prolonged descents is shown 
by computations for typical transport airplanes, and 
equations are suggested that allow estimates to be made 
of the speed margins required. 

Ditching 

Information obtamed from a large number of NACA 
model ditching investigations has been compiled and 
summarized to provide airplane designers with a con- 
siderable amount of data for current airplane designs. 
This summary of the effects of design parameters on 
ditching characteristics enables the designer to choose 
configurations that will tend to give better ditching 
performance than would ordinarily be obtained if no 
consideration were given to ditching requirements. 

To further determine the effect of fuselage shape on 
ditcliing behavior, various airplane models having dif- 
ferent fuselage shapes have been tested. Design pa- 
rameters such as fuselage fineness ratio, bottom curva- 
ture, and bottom strength wei-e included in the analysis 
to investigate their effect on airplane ditching char- 
acteristics. 

AERONAUTICAL METEOROLOGY 

Summary of Hail Information 

A survey of the present knowledge of had phenomena 
in relation to aircraft operation has been completed and 
is presented in Technical Note 2734. Infoimation is 
given on the physical properties, occurrence, and the- 
ories of fonnation of hail ; and data relating to the 
types and extent of damage to aircraft a.re correlated 
with the size, intensity, and geographical location of 
hailstorms. Airborae radar detection of hailstorms 
and tlie elimination of potential storms by cloud seeding 


are discussed briefly. In addition, an extensive and 
annotate bibliography on hail is furnished for use of 
research personnel. 

High Altitude Turbulence Data Collection 

In order to obtain more information concerning high 
altitude turbulence, two programs are currently under 
way to collect and analyze data on this meteorological 
phenomenon. With the assistance of tlie Weather Bu- 
reau and the cooperation of militaiy services and air- 
lines, pilots are reporting encounters of clear air turbu- 
lence above 10,000 feet, for the airlines, and above 

25.000 feet, for military aircraft. The completed re- 
ports are being anal 3 ™d to obtain preliminary statistics 
on the frequency and severity of high altitude clear air 
turbulence; and an attempt will be made to apply the 
facts established in developing methods of predicting 
such turbulence. 

The second program for the coUection of high al- 
titude turbulence data utilizes the NACA turbulence 
telemeter. Daily instrument ascents are made at 1400 Z 
from four Weather Bureau stations at Caribou, Maine ; 
Greensboro, N. C. ; Miami, Fla. ; and Grand Junction, 
Colo. An 800-gram balloon bm-sts at approximately 

60.000 feet and releases tlie telemeter-parachute assem- 
bly which transmits a time history of the vertical accel- 
erations experienced during the descent. The telemeter 
data is then integrated to give comparative gust veloc- 
ities encountered by the parachute. 

Atmospheric Turbulence and Climb Performance 

To determine some of the effects of turbulence on 
climb performance, a series of flight tests in smooth 
air and under conditions of light turbulence were per- 
formed with a twin engine transport airplane, restricted 
to the one-engine-inoperative condition. The results of 
the flight tests (Technical Note 2498) indicated that 
light turbulence of the type generally present in clear 
air over flat terrain had no significant effect on the 
average rate of climb for a series of runs. Turbulence 
did, however, increase the variation in the rate of climb 
from rim to run. The standard deviation of the rate 
of climb between runs attributable to turbulence de- 
creased rapidly when the duration of climb was in- 
creased from 1 to 5 minutes. The effects of atmospheric 
tiu’bulence on the variations in the rate of climb ap- 
peared to he largely independent of the center-of -grav- 
ity location. 
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Physics of the Icing Cloud 

In order to ijroduce aircraft that are capable of flight 
in icing conditions, the aircraft ice protection system, 
designer must have information on the meteorological 
conditions which cause icing and the probability of 
encountering specific values of these conditions. The 
important meteorological factors conducive to aircraft 
icing have been previously published in Technical Note 
1855. However, this information provides no indica- 
tion of the probability of encountering or exceeding 
various degrees of icing severity. To supply this addi- 
tional information, a statistical study has been made 
of all available meteorological icing data obtained in 
flight through natural icing clouds. .A report has been 
published (Technical Note 2738) which provides an 
indication of the probability of encountering or ex- 
ceeding icing conditions of a selected severity. Al- 
though considerably more data is required to establish 
a statistical basis for the determination of these prob- 
abilities, a procedure has been established for a statis- 
tical analysis of meteorological data now being obtained 
on a world-wide basis. The initiation of a program 
by the Lewis Laboratory of the collection of these data 
utilizing an NACA pressure-type icing-rate meter on 
Airline, Air Force, and NACA aircraft has been pre- 
viously reported. This program is continuing, and it 
is anticipated that an additional year of data collection 
should provide a substantial basis for the application 
of the aforementioned statistical analysis. Additional 
emphasis on meteorological data collection is being ap- 
plied to obtain much needed data at higher altitudes 
so that a reasonable prediction of icing conditions can 
be made for the altitude ranges that are being and wiE 
be experienced by present-day and future aircraft. 

The Lewis Laboratory is continuing to make progress 
toward understanding the fundamental processes in- 
volved in the formation of the supercooled cloud drop- 
lets. X-ray defraction studies have been used to in- 
vestigate the internal structure of supercooled water. 
It has been shown that the structural properties of 
supercooled water are such that the water becomes 
progressively more ice-Eke as the temperature is low- 
ered (Technical Note 2532). This current interest in 
the properties of supercooled water is due, in part, to 
increased research on aircraft icing, condensation, 
shock in supersonic flow as weE as naturaEy and arti- 
ficially induced precipitation from clouds. As a result 
of this interest, need has arisen for an extension of the 
data on surface tension of water as presented in the 
International Critical Tables. The experimental re- 
sults extending these surface tension measurements to 
—22“ C are reported in Technical Note 2510. 

Another part of the study of supercooled droplets in- 
cludes the determination of spontaneous freezing tem- 
peratures of water droplets, some results having been 
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previously published in Technical Notes 2142 and ^4. 
An additional investigation of these phenomena has 
been completed for the case where droplets are sus- 
pended freely in an atmosphere of cold air. These re- 
sults are compared with those obtained with droplets 
that were supported on a surface. 

Icing Instrumentation 

Probably the most difficult icing parameter to ob- 
tain in flight is that of droplet size. One method that 
has been evolved by the Lewis Laboratory concerns the 
placement of an electric charge on the droplets in flight. 
These charged droplets are then channeled to a series of 
different sized cylinders where they impinge and simul- 
taneously deposit their chai^. This instrument is 
described in Technical Note 2458. Another method 
of measuring droplet size in flight utilizing an adapta- 
tion of a cascade jet impactor has been investigated and 
reported. 

Tbe Ames Laboratory has developed an instrument 
for measuring icing severity in flight (Technical Note 
2615) . Since it is beEeved that icing severity is mainly 
a function of the amount of water present in the air 
at temperatures below freezing, an instrument which 
will record liquid water content in a cloud is essentially 
an icing severity meter. This instrument has been 
tested in simulated clouds and in an icing tunnel, and 
a flight version is being prepared for tests in natural 
icing conditions. The instrument consists of a small 
loop of heated wire, the tempemture of which is pi" 0 - 
portional to the icing severity. 

ICE PROTECTION SYSTEMS 

In order to provide information on the distribution 
of heat requirements of a surface to be protected from 
icing, the area, extent and rates of the impingement 
must be known. Water droplet trajectory calculations 
around low-drag, high-speed airfoils are being made 
utEizing the NACA water droplet trajectory analogue. 
The calculations for a 12 percent thick airfoE which 
is the first of this series have been completed and are 
being published. These results are compared vrith 
theoretical calculations and will be further compared 
with other experimental techniques that are being 
developed. 

For several years there has been a controversy con- 
cerning the validity of the results of icing studies con- 
ducted in a simulated cloud in an icing wind tunnel 
when compared with those results obtained under 
natural icing conditions in flight. The results of an 
investigation which utilized the same airfoil under 
almost identical conditions in flight and in the icing 
tunnel have shown that heat transfer coefficients ob- 
tained are veiy closely correlated for both the laminar 
and turbulent flow conditions. (Technical Note 2480) 
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Equations expressing heat transfer from wetted sur- 
faces during ice prevention are complex and tedious 
operations for the designer of aircraft ice protection 
systems. A simplified method of regrouping these equa- 
tions to permit solutions by a single graphical means 
has been evolved and is presented in Technical Note 
2799, 

Experimental studies of cyclic de-icing systems for 
fixed surfaces utilizing electric and hot-gas methods of 
heat source have been conducted. The results indicate 
that heat savings of the order of 75 percent may be 
achieved with cyclic heat systems when compared with 
the continuously heated systems. The results also indi- 
cate the relative value of continhously- and cyclically- 
heated parting strips. Thus, the designer is furnished 
data upon which possible solutions to the problems of 
higher demand for heat requirements especially for 
lugh-speed aircraft, may be solved. 

The design of electrical heaters for propeller ice pro- 
tection is complicated by the large number of variables 
involved; for example, blade thickness and material, 
heater material, extent of heater on blade surface, ratio 
of “heat-on” time to “heat-off” time, and intensity of 
heat supplied per unit of surface. To investigate these 
variables in flight or in an icing tunnel is a lengthy and 
expensive procedure. To alleviate this situation, resort 
has been made to the electrical analogue, which is a 
device in which heat flow is simulated by electrical flow. 
With this analogue, tests have been made of the cyclic 
heating characteristics of an external heater mounted 
on a hollow-steel propeller blade. The results indicate 
that tlie commonly employed cyclic time of 20 seconds 
“heat on” and 60 seconds “heat-off” is inefficient, and 
that power savings .of 60 percent can be realized by in- 
creasing the heating intensity and decreasing the “heat- 
on” time to 5 seconds. 

AIRCRAFT FIRE PREVENTION 

The investigation of the sources of ignition and meth- 
ods of fire prevention in the crash tests of full-scale air- 
planes which is being carried put by the NACA Lewis 
Flight Propulsion Laboratory on reciprocating engine 
aircraft is resulting in substantial knowledge of prac- 
tical avenues of combating the fire problem. 

The ignition of engine lubricating oils is one of the 
aircraft fire problems being investigated under research 
contract. Technical Note 2549, which covers an initial 
study of this problem at the University of Cincinnati, 
presents spontaneous ignition temperatures for a large 
niunber of organic compounds, and correlates struc- 
ture with ease of ignition. The effects of a number of 
additives and several metal surfaces on the ignition tem- 
peratiu’es were determined for representative com- 
poimds. 


AIRCRAFT NOISE 
Survey of the Aircraft Noise Problem 

A survey has been completed which provides back- 
ground information on the various phases of aircraft 
noise with special reference to the physical aspects of 
the problem (Technical Note 2701). The effects of 
noise are discussed under the following headings: (1) 
annoyance; (2) effect on work output and efficiency; 
(3) physical pain due to intense noise; and (4) effects 
on aircraft structural fatigue. The physical character- 
istics of noise are also reviewed including frequency 
spectrums, directional characteristics, and intensity 
levels for various types of power plants. lii addition, 
means of protection from noise is discussed including 
exhaust .muffling, spatial isolation, sound proofing, and 
personnel protection. 

Experimental Studies of Steady Flow Jet Noise 

_ Som6-experimental studies have been completed util- 
izing subsonic model jets in still air which have been 
shown to be closely related to the noise generated from a 
turbojet engine (Technical Note 2757). Tlie effects of 
such parameters as jet velocity, density, turbulence level, 
and jet size were investigated and an empirical relation 
has been evolved wlxich will allow extrapolation of 
available jet noise data to other operating conditions. 
It was found that the noise intensity greatly increased 
with increasing exit velocity and turbulence level. Tliis 
intensity increase was not as great with increases in jet 
size and exit gas density. It was shown tliat in all 
cases, The highest level of noise existed near the jet 
boimdary. 

Experimental Measurements of Noise Associated with 
Intermittent Jets 

Many applications of pulsejet engines appear to be 
attractive because of their simplicity of operation and 
the large thrust-weight ratio characteristic. However, 
tlie intense noise associated with their operation is a 
serious disadvantage and therefore sound measurements 
have been made to determine the characteristics of this 
noise (Technical Note 2756) . Intensity and frequency 
spectrums of a pulsejet and a subsonic ram-jet were 
measured and compared with those of a steady flow 
turbo-jet witli rough burning. The pulsejet was found 
to produce a discrete-frequency spectrum having a 
single predominant component corresponding to the fir- 
ing frequency of tlie engine. The subsonic ram-jet and 
tlie turbojet also produced discrete-frequency sx>octrums 
but contrasted with tlie pulsejet in that their spectrums 
contained several harmonic components of magnitude 
comparable to that of the fundamental. 
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1003. Correlalloii of Physical Properties with jUTolecuIar Struc- 
ture for Some Dicyclic Hydrocarbons Haring High 
Thermal-Energy Belease per Unit Volume. By P. H. 
Wise, K. T. Serijan, and I. A. Goodman. 

1004 A Lift-Cancellation Technique In Linearized Supersonic- 
Wing Theory. By Harold Mirels. 

1006. Analysis of Thrust Augmentation of Turbojet Engines 

by Water Injection at Compressor Inlet Including 
Charts for Calculating Compression Process^ with 
Water Injection. By E. Clinton Wilcox and Arthur II. 
Trout 

1007. Horizontal Tail Loads In Maneuvering Plight By Henry 

A. Pearson, William A. McGowan, and James J. Done- 
gan. 

1008. A Small-Defiectlon Theory for Curved Sandwich Plates. 

By Manuel Stein and J. Mayers: 

1009. Investigation of Fretting by Microscopic Observation. By 
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1010. A Recurrence Matrix Solution for the Dynamic Response 

of Aircraft In Ousts. By John O. Honholt 

1011. Dynamics of a Turbojet Engine Considered as a Quasi- 

Static System. By Edward W. Otto and Burt L. 
Taylor, IIL 

1012. Investigation of the NAOA 4- (6) (08) -03 and NACA 4- 

(10) (08)-03 Two-Blade Propellers at Forward Mach 
Numbers to 0.72S to Determine the Effects of Camber 
and Compressibility on Performance. By James B. 
Delano. 

1013. Effects of Wing Flexibility and Variable Air Lift Upon 

Wing Bending Moments During Landing Impacts of a 
Small Seaplane. By Kenneth F. Merten and Edgar B. 
Beck. 

1014 Study of Effects of Sweep on the Flutter of Cantilever 
Wings. By J. G. Barmby, H. J. Cunningham, and I. E. 
Garrick. 

1015. Analysis of Turbulent Bk'ee-Convectlon Boundary Layer 

on Plat Plate. By E. R. G. Eckert and Thomas W. 
Jackson. 

1016. Effect of Tunnel Configuration and Testing Technique on 

Cascade Performance. By John B. Erwin and James 
C. Emery. 

1017. Investigation of Frequency-Response Characteristics of 

Engine Speed for a Typical Turbine-Propeller Engine. 
By Burt L. Taylor, III, and Frank L. Oppenhelmer. 

1018. A Theoretical Analysis of the Effect of Time Lag in an 

Automatic Stabilization System on the Lateral Oscilla- 
tory Stability of an Airplane. By Leonard Stemfleld 
and Ordway B. Gates, Jr. 

1019. Relation Between Infiammables and Ignition Sources in 

Aircraft Environments. By WUfred E. ScuIL 

1020. Measurements of Average Heat-Transfer and Friction 

Coefficients for Subsconic Plow of Air In Smooth Tubes 
at High Surface and Fluid Temperatures. By Leroy 
V. Humble, Warren H. Lowdermilk, and Leland G. 
Desmon. 
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102L Analysis of Plane-PIastl'c-Stress Problems with Axial 
Symmetry In Strain-Hardening Range. By M. H. Lee 
Wu. 

1022. Temperature Distribution in Internally Heated Wails of 

Heat Exchangers Composed of Noncircular Flow 
Passages. By E. R. G. Eckert and George M. Low. 

1023. Diffusion of Chromium in Alpha Cobalt-Chromium Solid 

Solutions. By John W. Weeton. 

1024 Calculation of the Lateral Control of Swept and Unswept 
Flexible Wings of Arbitrary Stiffness. By Franklin W. 
Dlederich. 

1025. Experimental and Theoretical Studies of Area Suction 

for the Control of the Laminar Boundary Layer of an 
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Burrows, Neal Tetervin, and Fioravante VIscontL 

1026. NACA Investigation of Fuel Performance in Piston-Type 

Engines. By Henry C. Barnett 

1027. Buckling of Thin- Walled Cylinder Under Axial Compres- 

sion and Internal Pressure. By Hsu Lo, Harold Crate, 
and Edward B. Schwartz. 

1028. Effect of Aspect Ratio on the Air Forces and Moments 

of HarmonIeaII.v OscUlating Thin Rectangular Wings 
In Supersonic Potential Flow. By Charles E. Watkins. 

1029. Compressive Strength of Flanges. By Ethridge Z. StowelL 

1030. Investigation of Separattou of the Turbulent Boundary 

Layer. By G. B. Schubaner and P. S. BJebanoffi. - 
1034 A Study of the Use of Experimental Stability Deriva- 
tives In the Calculation of the Lateral Disturbed Mo- 
tions of a Swept-WIng Airplane and Comparison with 
Flight Results. By John D. Bird and Byron M. Jaquet. 
1(^2. A Comparison of Theory and Experiment for High-Speed 
Free-Molecule Flow. By Jackson R. Stalder, Glen 
Goodwin, and Marcns O. Creager. 

1033. Comparison Between Theory and Experiment for Wings 
at Supersonic Speeds. By Walter G. Vincent!. 

1034 Investigation of Spoiler Ailerons for Use as Speed Brakes 
or Glide-Path Controls on Two NACA 66-Series Wings 
Equipped with Full-Span Slotted Flaps. By Jack 
FIschel and James M. Watson. 

1086. Analysis of Means of Improving the Uncontrolled Lateral 
Motions of Personal Airplanes. By Marion O. Mc- 
Kinney, Jr. 

1036. Experimental InvesHgatiou of the Effects of Viscosity 

on the Drag and Base Pressure of Bodies of Revolu- 
tion at a Mach Number of 45. By Dean R. Chapman 
and Edward W. Perkins. 

1037. General Method and Thermodynamic Tables for Com- 

putation of Equilibrium Composition and Temperature 
of Chemical Reactions. By Vearl N. Huff, Sanford 
Gordon, and Virginia E. MorrelL 

1038. Wind-Tunnel Investigation of Air Inlet and Outlet Open- 

ings on a Streamline Body. By John V. Becker. 

1089. On the Particular Integrals of the Prandtl-Busemann 
Iteration Equations for the Mow of a Compressible 
Fluid. By Carl Kaplan. 

1040. Spectra and Diffusion In a Roond Turbulent JeL By 
Stanley Corrsln and Mahinder S. Uberoi. 
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104L Equations and Cburta for the Rapid Estimation of Hinge- 
Moment and Effectiveness Pammeters for Tralllng- 
Edge Controls Having Leading and Traiiing Edges 
Swept Ahead of the Mach JJnfis. By Kennith L. Goin. 
1042. Some Effects of Nonlinear Variation In the Directional- 
Stability and Damping-In-Yawing Dertvatives on the 
Lateral Stability of an Airplane. By Leonard Stern- 
fleld. 

1048. A Numerical Method for the .Stress Analysis of Stiffened- 
Shell Structures under Nonuniform Temperature Dis- 
tributions. By Richard R. Heldenfels. 

1044. The Method of Characteristics for the Determination of 

Supersonic Flow over Bodies of Revolution at Small 
Angles of Attack. By Antonio Ferri. 

1045. Supersonic Plow Around Circular Cones at Angles of 

Attack. By Antonio Ferri. 

1046. A General Integral Form of the Boundary -Layer Equation 

for Incompressible Flow with an Application to the 
Calculation of the Separation Point of Turbulent Bound- 
ary Layers. By Neal Tetervln and Chla Chiao Lin. 

1047. The Stability of the Compression Cover of Box Beams 

Stiffened by Posts. By Paul Selde and Paul F. Barrett. 

1048. A Study of Effects of Viscosity on Flow over Slender 

Inclined Bodies of Revolution. By H. Julian Allen and 
Edward W. Perkins. 

1049. Experimental Investigation of the Effect of Vertical-Tail 

Size and Length and of Fuselage Shape and Length 
on the Static Lateral Stability Characteristics of a 
Model with 45° Sweptback Wing and Tall Surfaces. 
By M. J. Queijo and Walter D. Wolhart. 

1050. Formulas for the Supersonic Loading, Lift and Drag of 

Plat Swept-Baek Wings with Leading Edges behind the 
Mach Lines. By Doris Cohen. 

1051. An Analysis of Base Pressure at Supersonic Velocities and 

Comparison with Experiment. By Dean R. Chapman. 

1052. A Summary of Lateral-Stability Derivatives Calculated 

for Wing Plan Forms in Supersonic Plow. By Arthur 
L. Jones and Alberta Alksne 

1053. Investigation of Turbulent Flow in a Two-Dimensional 

Channel. By John Laufer. 

1054. Integrals and Integral Equations in Linearized Wing 

Theory. By Harvard Lomax, Max. A. Heaslet, and 
Frankly n B. Fuller. 

1055. Comparison of Theoretical and Experimental Heat- 

Transfer Characteristics of Bodies of Revolution at 
Supersonic Speeds. By Richard Scherrer. 

1056. Theoretical Antisymmetric Span Loading for Wings of 

Arbitrary Plan Form at Subsonic Speeds. By John 
DeYoung. 

1057. Analysis of the Effects of Boundary-Layer Control on the 

Take-Off and Power-Off Landing Performance Charac- 
teristics of a Liaison Type of Airplane. By Elmer A. 
Horton, Laurence E. Loftln, Jr., Stanley F. Racisz, and 
John H. Qninn, Jr. 

105&- Influence of Chemical Composition on Rupture Properties 
at 1200° F. of Forged Chromium-Cobalt-Nlckel-Iron Base 
Alloys in Solution-Treated and Aged Condition. By 
E. B. Reynolds, J. W. Frepman, and A. E. White. 

TECHNICAL NOTES " 

2323. Theoretical Investigation of Submerged Inlets at Low 
Speeds. By Alvin H. Sacks and John R. Sprelter. 


> The missing numbers in the series of Technical Notes were released 
before or after the period covered by this report. 


No. 

2368. Vaporization Bates and Heat-Transfer Coefficients for 
Pure Liquid Drops. By Robert D. Ingebo. 

2391. F^urther Comparisons of Theoretical and Experimental 

Lift and Pressure Distributions on Airfoils In Cascade 
at Low-Subsonic Speed. By S. Katzoff and Margery E. 
Hannah. . . . 

2392. Charts Giving Critical Compressive Stress of Continuous 

Plat Sheet Divided into Parallelogram-Shaped Panels. 
By Roger A. Anderson. 

2394. Effects of Design Details on the Fatigue Strength of 355- 

T6 Sand-Cast Alnminunr Alloy. By M. Holt and I. D. 
Baton. 

2395. Bench-Test Investigation of the Transient-Response Char- 

acteristics of Several Simulated Airplanes Incorporating 
an Autopilot Sensitive to Tawing Accelerations. By 
Donald A. Howard. 

2396. Single-Degree-of -Freedom-Flutter Calculations for a Wing 

in Subsonic Potential Plow and Comparison with an 
Experiment. By Harry L. Runyan. 

2400. Evaluation of the Reduced-Mass Metliod of Representing 
;Wlng-Llft Effects In Free-Fall Drop Tests of Landing 
.Gears. By Benjamin Mllwitzky and Dean 0. Lindquist. 
240L Temperature Distribution in Internally Heated Walls of 
Heat Exchangers with Noncirenlar Flow Passages Using 
.Coolants with Very Low Prandtl Number. By E. R. G. 
Eckert and George M. Low. 

2404. An Analytical Investigation of Effect of HIgh-LIft Flaps 
.on Take-Off of Light Airplanes. By Fred B. Welck, 
L. E. Flanagan, Jr., and H. H. Cherry. * 

2406. Application of X-Ray Absorption to Measurement of Small 
.Air-Density Gradients. By Ruth N. Weltmann, Steven 
Falrweather, and Daryl Papke. 

2411. Method of Determining Initial Tangents of Contours of 

Flow Variables Behind a Curved, Axially Symmetric 
Shock Wave. By George P. Wood and Paul B. Oood- 
erum. 

2412. Theoretical Force and Moments due to Sideslip of a Nnm- 

,ber of Vertical Tail Configurations at Supersonic Speeds. 
..By John C. Martin and Frank S. Malvestuto, Jr. 

2416. Experimental Study of an Angle-of-Attack Vane Mounted 

Ahead of the Nose of an Airplane for use as a Sensing 
.Device for an Acceleration Alleviator. By Christopher 

C. Kraft, Jr., and Arthur Assadourian. 

2417. Preliminary Study of Stability of Flow from Two Ducts 

Discharging Into a Common Duct By Albert I. Beilin, 

D. Richard Messina, and Paul B. Richards. 

2419. Correlation of Physical Properties with Molecular Struc- 

ture for Dlcycllc Hydrocarbons. II — ^2-AlkylbiphenyI 
and the Two Isomeric 2-AlkylblcyclohexyI Series. By 
Irving A. Goodman and Paul H. Wise. 

2420. Investigation of 76-Millimeter-Bore Cyiindrical-Roiier 

Bearings at High Speeds. UI— Lubrication and Cool- 
ing Studies— Oil Inlet Distribution, Oil Inlet Tempera- 
ture, and Generalized Slngle-OIl-Jet Cooling-Correlation 
.Analysis. By E. Fred Macks and Zolton N. Nemeth. 

2421. AT Rapid Approximate Method for Determining Velocity 

Distribution on Impeller Blades of Centrifugal Com- 
pressors. By John D. Stanitz and Vasily D. Prian, 

2422. Study of Chromlum-Frlt-Type Coatings for Hlgh-Tem- 

perature Protection of Molybdenum. By D. G. Moore, 
L. H. Bolz, J. W. Pitts, and W. N. Harrison, 

2426. An Investigation of Aircraft Heaters. XXXIV — Experi- 
mental Determination of Thermal and Hj'drodynamical 

Behavior of Air Flowing Between a Flat and a Wave- 

Shaped Plate. By L. M. K. Boelter, V. D. Sanders, 
G. Young, M. Morgan, and E H. Morrln. 
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2-127. An Investigation of Aircraft Heaters. XXXV — ^Thermo- 
couple Conduction Error Observed In Measurlug- Surface 
Temperatures. B.v L. H. K. Boelter and E. W. Lock- 
hart. 

2428. An Investigation of Aircraft Heaters. XXXVI — Prelimi- 

nary Investigation of a Combustion-Type Aircraft 
Heater. By L. 31. K. Boelter, W. R. Elswick, V. D. 
Sanders, and II. W. Rubesln. 

2429. Study of Vortex Shedding as Related to Self-BxcIted 

Torsional Oscillations of an Airfoil. By Raymond L. 
Chuan and Richard J. Magnus. 

2-130. Synthesis, Purification, and Physical Properties of Hydro- 
carbons of the Naphthalene Series l-l-31ethylnapthalene, 
l-Ethyln.aphthalene, 1-ButyInaphthalene, and l-Isobntj'I- 
naphthalene. By Harold P. Hlpsher and Paul H. Wise. 

2432. Transformations of the Hodograph Flow Equation and the 

Introduction of Two Generalized Potential Functions. 
By Luigi Crocco. 

2433. A Critical Review of Notch Sensitivity in Stress-Rupture 

Tests. By W. P. Brown, Jr., and George Sachs. 

2434. .A Biharmonie Relaxation Method for Calculating Thermal 

Stress in Cooled Irregular Cylinders. By Arthur G. 
Holms. 

243d. Heat Delivery In a Compressible Plow and .Applications 
to Hot-Wire Anemometry. By Ghan-Mou Tchen. 

24.37. Some Measurements of the Effect of Gaseous Imperfec- 
tions on the Critical Pressure Ratio in Air and the Speed 
of Sound In Nitrogen. By Coleman duP. Donaldson and 
Jim J. Jones. 

2439. A Theory of Conductivity of Cold-Worked Copper. By 
Rolf Landauer. 

24-10. Wind-Tunnel Investigation and Analysis of the Effects 
of End Plates on the Aerodynamic Characteristics of 
an Unswept Wing. By Donald R. Riley. 

2441. Optical Methods Involving Light Scattering for Measuring 

Size and Concentration of Condensation Particles in 
Supercooled Hypersonic Plow. By Enoch J. Durbin. 

2442. A Photoelastic Inv^lgatlon of Stress Concentrations Due 

to. Small Fillets and Grooves in Twision, By M. 31. 
Procht 

2445. Wind-Tunnel Tests at Low Speed of Swept and Yawed 
Wings Having Various Plan Forms. By Paul E. Purser 
and 31. Leroy Spearman. 

2448. Width of Debye-Scherrer Lines for Plnite Spectral Width 
of Primary Beam. By Hans Eksteln. 

2447. Statistical Fluctuation of Intensity In Debye-Scherrer 

Lines Due to Random Orientation of Crystal Grains. 
By Hans Eksteln. 

2448. X-Ray Diffraction by Bent Crystal Lamellae. By TTnns 

Eksteln. 

2-440. Investigation of Influence of Chemical Composition on 
Forged Modified Low-Carbon N-155 ARoys in Solution- 
Treated and .Aged Condition as Related to Rapture Prop- 
erties at 1200" P. By E. E. Reynolds, J. W. Freeman, 
and A. E. White. 

2450. Method of Matching Components and Predicting Perform- 
ance of a Turbine-Propeller Engine^ By Alois T. Sutor 
and Morris A. 2Ilpkln. ^ 

245L Mathematical Improvement of Method for Computing 
Poisson Integrals Involved in Determination of Velocity 
Distribution on Airfoils. By I. PIOgge-Lotz. 

2402. Flexural Fatigue Strengths of Riveted Box Beams — ^Alclad 
14S-T6, jAIclad 75S-T6, and Various Tempers of Aldad 
24S. By L D. Eaton and Marshall Holt. 


No. 

2-^. An Experimental Study of Water-Pressure Distributions 
.. During Landings and Planing of a Heavily Loaded Rec- 
tangular Plat-Plate ilodeL By Robert P. Smiley. 

2454. Jet-Boundary Corrections for Complete and Semispan 

Swept Wings in Closed Circular Wind Tunnels. By 
James C. Sivells and Rachel 31. Salmi. 

2455. .A Method of Designing Tnrbomachine Blades with a De- 

sirable Thickness Distribution for Compres^ble Plow 
along an Arbitrary Stream Filament of Revolution. By 
Chung-Hua Wu and Curtis A. Brown. 

2458. Analytical Method for Determining Performance of Turbo- 

jet-Engine Tail-Pipe Heat Exchangers. By Alichael 
Behnn and Harrison C. Chandler, Jr. 

2457. Air Forces and Moments on Triangular and Related Wings 
with Subsonic Leading Edges Oscillating in Supersonic 
Potential Plow. By Charles B. Watkins. 

2468. An Instrument Employing a Coronal Discharge for the De- 
termination of Droplet-Size Distribution in Clouds. By 
RInaldo J. Bran, Joseph Levine, and Kenneth S. 
Klelnknecht. 

2459. Some Effects of Varying the Damping in Pitch and RoU. on 

the Flying Qualities of a Small Single-Rotor Helicopter. 
By John P. Reeder and James B. Whitten. 

2460. Formation of Sulfide Films on Steel and Effect of Such 

Pllms on Static Friction. By Erva O. Levine and Mar- 
shall B. Peterson. 

2461. Analysis of Pure-Bending Flutter of a Cantilever Swept 

Wing and Its Relation to Bending-Torsion Bfiutter. By 
H. J. Cunningham. 

2462. Influence of Refraction on the Applicability of the ^hn- 

der-Mach Interferometer to Studies of Cooled Boundary 
Layers. By Martin R. Bansler. 

2463. Experimental Investigation of the Pressure Distribution 

about a Tawed Circular Cylinder in the Critical Reyn- 
olds Number Range. By WlUlam J. Bursnall and Lau- 
rence K. Loftln, Jr. 

2464. Two Axial-Symmetry Solutions for Incompreslble Plow 

Through a Centrifugal Compressor with and without 
Inducer Vanes. By Gaylord O. Efilis, John D. Stanitz, 
and Leonard J. Sheldrake. 

2465. Experimental Aerodynamic Derivatives of a SInnsoidally 

Oscillating Airfoil in Two-Dimensional Efiow. By 
Robert It Halfman. 

2466. A General Correlation of Temperature Profiles Down- 

stream of a Heated-Air Jet Directed Perpendicularly to 
aa Air Stream. By Edmund B. Callaghan and Robert 
S. RuggerL 

2467. The Aerodynamic Behavior of a Harmonically Oscillating 

Plnite Sweptback Wing in Supersonic Phow. By Chieh- 
Chien Chang. 

2468. Investigation at Low Speed of 45° and 60" Sweptback, 

Tapered, Low-Drag Wings Equipped with Various 
TypM of Full-Span, Tralling-Edge Flaps. By John J. 
Harper. 

2469. Rupture Properties of Low-Carbou N-155 Type Alloys 

Made with a Columbium-Tantalum Ferro-Alloy. By 

J. W. Freeman, PL PL Reynolds, and A. PL White. 

2470. Effect of an Autopilot Sensitive to Tawing Velocity on 

the Lateral Stability of a Typical High-Speed Airplane. 
By Ordway B. Gates, Jr., and Leonard Sternfield. 

2471. Unsteady Laminar Boundary-Layer Plow. By Frahkliu 

K. Moore. 

2472. P^indamental Plffects of Cold-Working on Creep Proper- 

ties of Low-Carbon N-155 AUoy. By D. N. Ebrey, J. W. 
Freeman, and A. EL White. 
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2473. Oa the Spectram of Isotropic Turbulence. By H. W. Llep- 

mann, JT. Laufer, and Kate Liepmann. 

2474. Empirical Helation Between. Induced Velocity, Thrust, 

and Rate of Descent of a Selicopter Rotor as Deter- 
mined by Wind-Tunnel Tests on Four Model Rotors. 
By Walter Castles, Jr., and Robin B. Gray. 

2475. Some Features of Arttflclaliy Thickened Fully Developed 

Turbulent Boundary Layers with Zero Pressure Qrar 
dient. By P. S. Klebanoff and Z. W. Diehl. 

2476. An Empirical Method Permitting Rapid Determination of 

the Area, Rate, and Distribution of Water-Drop Im- 
pingement on an Airfoil of Arbitrary Section at Sub- 
sonic Speeds. By Norman R. Bergrun. 

2477. Investigation of the Air-Compression Process During Drop 

Tests of an Oleo-Pneumatic Landing Gear. By James 
H. Walls. 

2478. A Procedure for Calculating the Development of Turbu- 

lent Boundary Layers Under the Influence of Adverse 
Pressure Gradients. By Kennedy F. Rubert and Jerome 
Persh. 

2479. Tables of Exact Laminar-Boundary-Layer Solutions when 

the Wall is Porous and Fluid Properties are Variable. 
By W. Byron Brown and Patrick L. Donoughe. 

2480. Comparison of Heat Transfer from Airfoil in Natural and 

Simulated Icing Conditions. By Thomas F. Gelder and 
James P. Lewis. 

24SL Hydi’Odj'namlc Characteristics of a Low-Drag, Planlng- 
Tail Flying-Boat Hull. By Heui-y B. Suydam. 

2482. Stability and Control Characteristics of a Complete Air- 

plane Model Having a Wing with Quarter-Chord Line 
Swept Back 40°, Aspect Ratio 2.50, and Taper Ratio 
0.42. By Marvin Schuldenfrel, Paul Comisarow, and 
Kenneth W. Goodson. 

2483. Effect of Fuselage and Tall Surfaces on Low-Speed Yawing 

Characteristics of a Swept-Wing Model as Determined 
in Curved-Flow Test Section of Langley Stability Tun- 
nel. By John D. Bird, Byron M. JacLuet, and John W. 
Cowan. 

2484. Effects of Compressibility on the Flow Past a Two-Dimen- 

sional Bump. By W. F. Lindsey and Bernard N. Daley. 

2485. Pilot Escape from Spinning Airplanes as Determined from 

Free-Splnnlng-Tunnel Tests. By Stanley H. Scher. 

2486. Theoretical Characteristics of Two-Dimensional . Super- 

sonic Control Sui-faces. By Robert R. Morrlssette and 
Lester F. Obomy. 

2487. Effect of Ground Interference on the Aerodynamic Char- 

acteristics of a 42° Sweptback Wing. By G. Chester Fur- 
long and Thomas V. Bollech. 

2488. Wind-Tunnel Investigation of the Contribution of a Ver- 

tical Tail to the Directional Stability of a Fighter-Type 
Airplane. By Alfred A. Marino and N. Mastixicola. 

2489. Aerodynamic Characteristics of a Refined Deep-Step 

Planlng-Tall Flying-Boat Hull with Various Forebody 
and Afterbody Shapes. By John M. Riebe and Rodger 
L. Naeseth. 

2491. Kinetics of Sintering Chromium Carbide. By W. Q. Lid- 

man and H. J. Hamjian. 

2492. A Method of Solving the Direct and Inverse Problem of 

Supersonic Plow along Arbitrary Stream Filaments of 
Revolution In Turbomachines. By Chung-Hua Wu and 
Eleanor L. Costllow. 

2498. Analysis of an Axial Compressor Stage with Infinitesimal 
and Finite Blade Spacing. By H. J. Reissner and L. 
Meyerhoff. 

2494. Lift and Moment on Oscillating Triangular and Related 
Wings with Supei’sonic Edges. By Herbert CL Nelson. 


No. 

2495. Wind-Tunnel Investigation of Effects of Various Aero- 
^namic Balance Shapes and Sweepbnek on Control- 
Surface Characteristics of Semispan Tail Suiffaces with 
NACA 0009, 0016, 68-009, 66(215)-014, and arcular- 
Arc Airfoil Sections. By John J. Harper. 

2406. Plight Investigation of a Mechanical Feel Device In an 
Irreversible Elevator Control System of a Large Air- 

. - plane. By B. Porter Brown, Robert G. Chilton, and 

James B. Whitten. 

2497. Generalized Conical-Flow Fields in Supersonic Wing 

Theory. By Harvard Lomax and Max. A, Heaslet. 

2498. Flight Investigation of the Effect of Atmospheric Tur- 

bulence on the Climb Performance of an Airplane. By 
JHarry Press and Herbert C. McClanahan, Jr. 

2499. Laminar Friction and Heat Transfer at Mach Numbers 

from 1 to 10. By E. B. Klunker and F. Edward McLean. 

2500. A Comparison of the Turbulent Boundary-Layer Growth 

on an Unswept and a Swept Wing. By John M. AlDnau 
and Nora-Lee F. Hay ter. 

2501. Expressions for Measuring the Accuracy of Approximate 

Solutions to Compressible Flow through Cascades of 
Blades with Examples of Use. By John T, Slnnette, 
_ Jr., George R. Costello, and Robert L. Cummings. 

2503. Hydrodynamic Investigation of a Series of Hull Models 

Suitable for Small Plying Boats and Amphibians. By 
W. C. Hugll, Jr., and W. C. Axt 

2504. Effects of Wing Position and Horizontal-Tail Position on 

the Static Stability Characteristics of Models with Un- 
fiwept and 45° Sweptback Surfaces with some Reference 
to Mutual Interference. By Alex Goodman. 

2505. OiL the Attached Curved Shock in Front of,a ShaiT-Nosed 

-Axially Symmetrical Body Placed in a Uniform Stream. 
-By S. F. Shen and C. 0. Lin. 

2506. An Analytic Determination of the Flow Behind a Sym- 

metrical Curved Shock in a Uniform Stream. By 0. 0. 
Lin and K F. Shen. 

2507. Experimental Investigation of Oil Film Pressure Distribu- 

■ tlon for Mlsalined Plain Bearings. By Q. B. DuBois, 
H. H. Mable, and F. W. Ocvlrk. 

2508. landing Characteristics in Waves of Three Dynamic 

Models of Flying Bouts. By James M. Benson, Robert 
F. Havens, and David R. Woodward. 

2509. A Self-Synchronizing Stroboscopic Schlieren System for 

the Study of Unsteady Air Flows. By Leslie F. Law- 
■Jtence, Stanley P. Schmidt, and Floyd W. Looschen. 

2510. Experimental Values of the Surface Tension of Super- 
-T, cooled Water. By Paul T. Hacker. 

2511. Calculation of Higher Approximations for Two-DImen- 

- slonal Compressible Plow by a Simplified Iteration 

■ Process. By W. H. Braun and M. M. Klein, 

2512. Stresses in a Two-Bay Noncircular Cylinder Under Traus- 
~TBrse Loads. By George B. GriflBith. 

2513. Effects of some Solution Treatments followed by an .\gliig 
" Treatment on the Life of Small Cast GnSrTurbine Blades 

of a Cobalt-Chromium-Base Alloy. II — Effect of Se- 
lected Combinations of Soaking Time, Temperature, and 
Cooling Rate. By C. A. Hoffman and 0. F. Robards. 

2514. Relative Structural EfiBciencies of Flat Balsa-Core Sand- 

wich and Stiffened-Panel Construction. By Ralph E. 
Hubka, Norris P. Dow, and Paul Selde. 

2515. The Linearized Characteristics Method and Its Applica- 

Uon to Practical Nonlinear Supersonic Problems. By 
_ Antonio Ferrl. 
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2ol7. An InTestlgation of Aircraft Heaters. XXXVII — ^Experi- 
mental Determination of Thennal and Hydrodynamical 
Behavior of Air Flowing along a Blat Plate Containing 
Tnrbulence Promoters. By L. M. K. Boelter, G. Young, 
IL L. Greenfield, V. D. Sanders, and II. ilorgan. 

2518. Criterlons for Condensation-Free Plow in Supersonic 

Tunnels. B.v Warren C. Burgess, Jr., and Feirrls It. 
Seashore. 

2519. A Comparison of the Experimental Subsonic Pressure 

Distributions about Several Bodies of Eevolhtlon with. 
Pressure Distributions Computed by means of the Line- 
arized Theory. By Clarence W. Matthews. 

2520. Effects of Pressure-Rake Design Parameters on Static- 

Pressure Jleasurement for Bakes used in Subsonic Free 
Jets. By Lloyd N. Krause. 

2521. Laminar Boundary Layer on a Circular Cone In Super- 

sonic Flow at a Small Angle of Attack. By Franklin 
K. Moore. 

2522. A Graphical Method for Plotting Amplitude and Phase 

Angle of Transfer Functions of Dynamic Systems with- 
out Factoring Polynomlnals. By Elarl F. Smith. 

2524. An investigation of Aircraft Heaters. XXXVIII — De- 

termination of Thermal Performance of Reetangular- 
and Trapezoidal-Shaped Inner-Skin Passages for Anti- 
Icing Systems. By L. M. K. Boelter, V. D. Sanders, 
and F. E. Eoiuie. 

2525. The Effect of Rate of Change of Angle of Attack on the 

aiaximiun Lift Goefiaclent of a Pursuit Airplane. By 
Burnett L. Gadeberg. 

2526. Determination of Ham-Jet Combustion-Chamber Tempera- 

tures by Means of Total-Pressure Surveys. By I. Irving 
Pinkel. 

252T. A Velocity-Correction Formula for the Calculation of 
Trausonlc Mach Number Distributions over Diamond- 
Shaped iUrfoUs. By BL Reese Ivey and Keith 0. Harder. 

2528. A Method for Predicting the Upwash Angles Induced at 

the Propeller Plane of a Combination of Bodies with an 
Unswept Wing. By Paul F. Yaggy. 

2529. Secondary Stresses in Thin-Walled Beams with Closed 

Cross Sections. By Stanley Umer Benscoter. 

2530. Wind-Tunnel Investigation of Six Shielded Total-Pressure 

Tubes at High Angles of Attack. Subsonic Speeds. By 
Walter R. Russell, WlUIam Gracey, William Letko, and 
Paul B. Fournier. 

2531. Simplified Method for Calculation of Compressible Lam- 

inar Boundary La.ver with Arbitrary Ekee-Stream 
Pressure Gradient. By George M. Low. 

2532. X-Ray Diffraction Study of the Internal Structure of 

Supercooled Water. By Robert G. Dorsch and Bemrose 
Boyd. 

2533. Evaluation of Hfigh-Angle-of-Attack Aerodynamic-Deriva- 

tive Data and Stall-BTutter Prediction Techniques. By 
Robert L. Halfman, H. 0. Johnson, and S. M. Haley. 

2534. Experimental Investigation of the Low-Speed Static and 

Yawing Stability Characteristics of a 45° Sweptback 
High- Wing Configuration with Various Twin Vertical 
Wing Fins. By Alex Goodman and Walter D. Wolhart. 

2535. Minimum Wave Drag of Bodies of Revolution with a Cyl- 

indrical Center Section. By Franklyn B. Fuller and 
Benjamitt R. Briggs. 

2536. Critical Combinations of Bending, Shear, and Transverse 

Compressive Stresses for Buckling of Infinitely Long 
Flat Plates. By Aldie H. Johnson, Jr., and Kenneth P. 
Bnchert ■ 

2537. Heat Capacity Lag in Gases. By Richard Walker. 


Ro. 

2538. Mechanical and Corrosion Tests of Spot-Welded Alnminum 

ARoys. By Fred M. Reinhart, W. F. Hess, R. A. Wyant. 
F. J. WInsor, and E. R. Nash. 

2539. AppUcatlon of Variational Methods to Transonic Elows 

with Shock Waves. By Chi-Teh Wang and Pei-Chi 
Chou. 

2540. Application of Response Function to Calculation of ETutter 

Characteristics of a Wing Carrying Concentrated 
Masses. By H. Serbin and El L. Costllow. 

254L Studies of Von Kfirmfin's Similarity Theory and Its Ex- 
tension to Compressible Plows. A Critical Examination 
of Similarity Theory for Incompressible ETows. By 
C. C. Lin and S. P. Shen. 

2542. Stndies of Von Kfirmdn’s Similarity Theory and Its EIx- 

tenslon to Compressible ETows. A Similarity Theory 
for Turbulent Boundary Layer over a ETat Plate In 
Compressible ETow. By C. O. Lin and S. P. Shen. 

2543. Stndies of Von KArmfin’s Similarity Theory and its EJx- 

tenslon to Compressible ETows. Investigation of Tur- 
bulent Boundary Layer over a ETat Plate in Compres- 
sible ETow by the Similarity Theory. By S. F. Shen. 

2544. Hydrodynamic Lubrication of CycRcally Loaded Bearings, 

By R. W. Dayton and E. 3L Simons. 

2545. Discrepancies between Theoretical and Observed Behavior 

of Cyclically Loaded Bearings. By R. W. Dayton, E. IL 
Simons, and P. .A. E°end. 

K46. Viscosities of Air and Nitrogen at Low Pressures. By 
Herrick L. Johnston, Robert W. Mattox, and Robert W. 
Powers. 

2547. An Investigation by the Hodograph Method of Plow 

through a Symmetrical Nozzle with Locally Supersonic 
Regions. By P. Edward Bhlers and Hirsh G. Cohen. 

2548. Equal-Strength Design of Tension-Field Webs and Up- 

rights. By Ralph H. Upson, George M. Phelps, and 
Tung-Sheng Liu. 

2549. Investigation of Hydrocarbon Ignition. By Charles E. 

Ekank and Angus U. Blackhanr. 

2550. Determination of_ Shapes of Boattall Bodies of Revolu- 

tion for Minimum Wave Drag. By Mac 0. Adams. 

2551. Elffect of Various Parameters including Mach Number on 

the Slngle-Degree-of-Freedom ETutter of a Control Sur- 
face in Potential Plow. By Harry L, Runyan. 

2552. Considerations on the Effect of Wind-Tunnel Walls on 

Oscillating Air Forces for Two-Dimensional Snbsonlc 
Compressible ETow. By Harry L. Runyan and Charles 
E. Watkins. 

^53. Pitching-Momeut Derivatives Cm«i and Cmt at Supersonic 
Speeds for a Slender-Delta-Wing and Slender-Body 
Combhiatlon and Approximate Solutions .for Broad- 
Delta-Wlng and Slehder-Body Combinations. By Ar- 
thur Henderson, Jr. _ 

2554. Theoretical .Aerodynamic Characteristics of a Family of 

Slender Wing-Tail-Body Combinations. By Harvard 
Lomax and Paul F. Byrd. 

2555. Effect of Taper Ratio on the Low-Speed Rolling Stability 

Derivatives of Swept and Unswept Wings of Aspect 
Ratio 2.6L By Jack D. Brewer and Lewis B. Fisher. 
2558. Buckling of Rectangular Sandwich Plates Subjected to 
Edgewise Compression with Loaded Edges Simply Sup- 
ported and Unloaded Edges Clamped. By Kuo Tal Yen, 
V. L. Salerno, and N. J. Hoff. 

2557. Infrared Spectra of 59 DIcycUc Hydrocarbons. By K. T. 
Serijan, I. A. Goodman, and W. J*. Yankauskas. 
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2558. Some Effects of Variations in Several Parameters Includ- 

ing Fluid Density on tRe Flutter Speed of Light Uniform 
Cantilever Wings. By Donald S. Woolstgn and Qeoi'ge 
E. Castile. 

2559. Theoretical and Experimental Investigation of Condensa- 

tion of Air in Hypersonic Wind Tunnels. By H. Guy- 
ford Stever and Kenneth 0. Hathbun. 

260Q. An Experimental Investigation of Transonic Flow Past 
Two-Dimensional Wedge and Circular-Arc Sections Us- 
ing a Mach-Zehnder Interferometer. By Arthur Earl 
Bryson, Jr. 

2662. Numerical Deterrblnation of Indiclal Lift of a Two-Dimen- 

sional Slnhing Airfoil at Subsonic Mach Numbers from 
Oscillatory Lift Coefficients with Calculations for Mach 
Number 0.7. By Bernard Mazelsky. 

2663. Experimental Investigation of Rolling Performance of 

Straight and Sweptbaclc Flexible Wings with Various 
Ailerons. By Henry A. Cole, Jr., and Victor M. Ganzer. 

2664. Properties of Honeycomb Cores as Affected by Fiber Type, 

Fiber Orientation, Resin Type, and Amount. By R. J. 
Seidl, D. J. Fahey, and A. W. Voss. 

2665. A Theoretical Analysis of the Effect of Several Auxiliary 

Damping Devices on the Lateral Stability and Controlla- 
bility of a High-Speed Aircraft. By Ordway B. Gates, 
Jr. 

2666. A Study of Elastic and Plastic Stress Concentration Fac- 

tors due to Notches and Fillets In Plat Plates. By Her- 
bert P. Hardrath and Lachlan Ohman. 

2567. Direct Measurements of Skin Friction. By Satlsh 
Dhawan. 

2668. Effect of Slip on Flow Near a Stagnation Point and in a 

Boundary Layer. By T. C. Lin and S. A. Schaaf. 

2669. X Summary of Meteorological Conditions Adulated with 

Aircraft Icing and a Proposed Method of Selecting De- 
sign Crlterlons for Ice-Protection Equipment. By Paul 
T. Hacker and Robert G. Dorsch. 

2670. Comparison of Airspeed Calibrations Evaluated by the 

Accelerometer and Radar Methods. By Lindsay J. 
Una and James P. Trent, Jr. 

2671. Application of the Von EdrmAn Momentum Theorem to 

Turbulent Boundary Layers. By Jerold M. Bldwell. 
2572. Ceramic Coatings for Prevention of Carbon Absorption In 
Four Heat-Resistant Alloys. By Joseph W. Pitts and 
Dwight G. Moore. 

2673. Development of Auxiliary Cyclotron Equipment for using 

Tritium as Bombarding Particles in a Cyclotron. By 
D. N. Kundu, P. G. Boyle, and M. L. Pool 

2674. Theoretical Analysis of Some Simple Types of Accelera- 

tion Restrictors. By William H. Phillips. 

2675. A Flight Investigation of the Effect of Center-of-GravIty 

Location on Gust Loads. By Jack EHink and Earle T. 
Binckley. 

2576. A Study of Slip Fonnatlon in Polycrystalllne Aluminum. 

By Aldle E. Johnson, Jr., and S. B. Batdorf. 

2577. On the Angular Distribution of Slip Lines in Polycrystal- 

llne Aluminum Alloy. By John M. Hedgepeth, S. B. 
Batdorf, and J. Lyell Sanders, Jr. 

2678. A Comparison of Predicted and Experimentally Deter- 
mined Longitudinal Dynamic Responses of a Stabilized 
Airplane. By Louis H. Smans, Marvin R. Gore, and 
Merle G. Waugh. 

2579. Approximate Methods for Calculating the Plow About 
Nonlifting Bodies of Revolution at High Supersonic Air- 
speeds. By A. J. Eggers, Jr., and Raymond C. Savin. 


No. 

2680. An. Analysis of an K-Ray Absorption Method for Measure- 
ment of High Gas Temperatures. By Ruth N. Weltmann 
and Perry W. Kulins. 

2581. Deflections of a Simply Supported Rectangular Sandwich 
. Plate Subjected to Transverse Loads. By Kuo Tal 

TTen, Sadettln Quhturkun, and Frederick V. Pohle. 

2582. General Consideration of Problems in Compressible Flow 

Using the Hodograph Method. By Chleh-Chien Cliang. 

2583. A. Semiemplrlcal Procedure for Computing the Water- 

Pressure Distribution on Flat and V-Bottom Prismatic 
Sui-faces Dux’ing Impact or Planing. By Robert F. 
JSmiley. 

2684. An Analysts of Flow in Rotating Passage of Large Radial- 
Inlet Centrifugal Compressor at Tip Speed of 700 Feet 
Per Second. By Vasily D. Prian and Donald J. Michel. 

2585. Calculation of Aerodynamic Forces on a Propeller in Pitch 

or Taw. By John L. Crigler and Jean Gilman, Jr. 

2586. Fundamental Effects of Cold-Work on Some Cobalt- 

Chromium-Nlckel-Iron Base Creep-Resistant Alloys. 
"By D. N. Prey, J. W. Freeman, and A. E. White. 

2587. Influence of Wing and Fuselage on the Vertical- 

Tall Contribution to the Low-Speed Rolling Derivatives 
_of Mldwlng Airplane Models with 46° Swoptbaek Sur- 
faces. By Walter D. Wolhart. 

2588. Transonic Flow Past a Wedge Profile with Detached Bow 

...Wave — Details of Analysis. By Walter O. Vincenti 
and Cleo B. Wagoner. 

2589. An Analytical Investigation Using Aerodynamic Limita- 

tions of Several Designs of High Stage Pressure Ratio 
Multistage Compressors. By Charles EL Voit ami 
Arthur R. Thomson. 

2600. Calculations on the Forces and Moments for an Oscillat- 
ing WIng-AlIeron Combination In Two-Dimensional 
Potential Flow at Sonic Speed. By Herbert C. Nelson 
and Julian H. Berman. 

2591. The Effects of Reynolds Number on the Application of 
. NACA 16-Series Airfoil Oharacteristles to Propeller 
Design. By Etarold E Cleary. 

2502. Orientation of Orifices on Bodies of Revolution for Deter- 
-mination of Stream Static Pressure at Supersonic 
'Speeds. By Morton Cooper and Clyde V. Hamilton. 
25(@. .Design of Two-Dimensional Channels wltli Prescribed 
Velocity Distributions along the Channel Walls. I — ^Re- 
laxation Solutions. By John D. Stanitz. 

2504. Investigation of the Structural Damping of a Full-Scale 
Airplane Wing. By Dwight 0. Fearnow. 

2595. Design of Two-Dimensional Channels with Prescribed 
Velocity Distributions along the Channel Walls. II — 
Solution by Green’s Function. By John D. Stanitz. 

2506. An. Impulse-Momentum Method for Calcnfating Landing- 

Gear Contact Conditions lii Eccentric Landings. By 
Robert T. Yntema and Benjamin Mllwltzky. 

2507. Investigation of Laminar Boundary Layer in Compres- 

sible Fluids using the Crocco Method. By E. R. Van 
Driest 

2508. A Technique Applicable to the Aerodynamic Design of 

Indneer-Type Mnltistage Axlal-Flow Compressors. By 
MeRyTi Savage and Loren A. Beatty. 

2699. Experimental Determination of Time Constants and 
Nusselt Numbers for Bare-Wlre Thermocouples in 
High-Velocity Air Streams and Analytic Approximation 
of Conduction and Radiation Errors. By Marvin D. 
Scadron and Isidore Warshawsky. 

2600. Stresses and Deformations In Wings Subjected to Torsion. 
By B. F. Riiffner and Elolse Hout 
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2601. Compressive Buckling of Simply Supported Curved Plates 
and Cylinders of Sandwich Construction. By Manuel 
Stein and J. Mayers. 

2002. Survey of the Chromium-Cobalt-NIckel Phase Diagram at 
1200° a By W. D. Manly and Paul A. Beck. 

2603. Survey of Portions of the Cobalt-Chromium-Iron-Nlckel 

Quaternary System. By E. lu Kamen and Paul A. Beck. 

2604. A General Theory of Three-Dimensional Flow In Subsonic 

and Supersonic Tnrbomachines of Axial-, Badial-, and 
Mixed-Flow Types. By Chnng-Hua Wu. 

2603. Behavior of Vortex System Behind Cruciform Wings — 
Motions of B\illy Rolled-Up Vortices. By Alvin H. 
Sacks. 

2606. Spectrum of Turbulence In a Contracting Stream. By 

H. S. Ribner and M. Tucker. 

2607. Electrical Pressure Integrator. By Arleigh P. Heifer. 

2608. Charts and Approximate Formulas for the Estimation of 

Aeroelastic Effects on the Loading of Swept and TTn- 
swept Wings. By Franklin W. Diederich and Kenneth 
A. Foss. 

2600. Estimate of Slip Effect on Compressible Lamtnar-Bound- 
ary-Layer Skin Friction. By Harold MIrels. 

2610. One-Dimensional Compressible Flow In Vaneless Diffusers 

of Radial- and Mixed-Flow Centrifugal Compressors, 
Including Effects of Friction, Heat Transfer and Area 
Change. By John D. Stanitz. 

2611. Experimental Investigation of Base Pressure on Blnnt- 

TraUlng-Bdge Wings at Supersonic Velocities. By Dean 
R. Chapman, William R. Wlmbrow, and Robert H. 
Hester. 

2812. Stress Problems in Pressurized Cabins. By W. FlQgge. 

2613. Determination of Indiclal Lift and Moment of a Two- 

Dimensional Pitching Airfoil at Subsonic Mach Num- 
bers from Oscillatory Coefficients with Numerical Cal- 
culations for a Mach Number of 0.7. By Bernard 
Mazelsky. 

2614. Analytical Investigation of Some Three-Dimensional Plow 

Problems In Turbomachlnes. By Frank B. Marble and 
Irving Michelson. 

2615. The Calculated and Measured Performance Characteris- 

tics of a Heated-Wire Llqnid-Water-Content Meter for 
Measuring Icing Severity. By Carr B. Neel, Jr., and 
Charles P. Steinmetz. 

2616. Achievement of Continuous Wall Curvature In Design of 

Two-Dimensional Symmetrical Supersonic Nozzles. By 
J. C. Evvard and Lawrence B. Marcus. 

2617. Relative Importance of Various Sources of Defect-Produc- 

ing Hydrogen Introduced Into Steel During Application 
of Vitreous Coatings. By Dwight G. Moore, Mary A. 
Mason, and William N. Harrison. 

2618. Creep in Metals. By A. D. Schwope, F. R. Shover, and 

L. R. Jackson. 

2619. Some Remarks on an Approximate Method of Estimating 

the Wave Drag Due to Thickness at Supersonic Speeds 
of Three-Dimensional Wings with Arbitrary Profile. By 
Kenneth Margolls. 

2620. Principle and Application of Complementary Energy 

Method for Thin Homogeneous and Sandwich Plates 
and Shells with Finite Deflections. By Chl-Teh Wang: 

2621. Deflection and Stress Analysis of Thin Solid Wings of Ar- 

bitrary Plan Form with Particular Reference to Delta 
Wings. By Manuel Stein, J. Edward Anderson, and 
John M. Hedgepeth. 

2622. A Description and a Comparison of Certain Nonlinear 

CurverFIttlng Techniques, with Applications to the 
Analysis of Transient-Response Data. By Marvin 
Shinbrot. 
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2623. Comparison of Supersonic Minimum-Drag Airfoils Deter- 

mined by Linear and Nonlinear Theory. By E. B. 
Klnnker and Keith C. Harder. 

2624. Flame Speeds of Methane-Air, Propane-Air, and Ethylene- 

Alr Mixtures at Low Initial Temperatures. By Gordon 
H Dugger and Sheldon HelmeL 

2623. Summary of Acceleration and AlrsiKsed Data from Com- 
mercial Transport Airplanes During the Period from 
1933 to 1045. By Walter G. Walker and Roy Steiner. 

2626. An Investigation of Bending-Moment Distribution on a 

Model Helicopter Rotor Blade and a Comparison with 
Theory. By John R. Meyer, Jr. 

2627. Coincidence Method Applied to Ion Beam Measurement. 

By Stanley Fultz and M. L. PooL 

2628. Bonding of Molybdenum Disulfide to Various Materials 

to Form a Solid Lubricating Filnj. I — The Bonding 
Mechanism. By Douglas Godfrey and Edmond E. 
Bisson. 

2629. Analytleal and Experimental Investigation of PuUy De- 

veloped Tmhnlent Plow of Air in a Smooth Tube with 
Heat Transfer with Variable Fluid Properties. By R. G. 
Deissler and C. S. Elan. 

2630. A Solution of the Navler-Stokes Equation for Source and 

Sink Flows of a Viscous Heat-Conducting Compressible 
Fluid. By Robert V. Hess. 

263L The Simllai-ity Law for Nonsteady Hypersonic Plows and 
Requirements for the Dynamical Similarity of Belated 
Bodies In Free Flight. By Frank M. Hamaker and 
Thomas J. Wong. 

2632. Corrosion of Magnesium Alloy ZK60A in Marine Atmos- 

phere and indewater. By Fred M. BeInharL 
^33. Estimation of the Maximum Angle of Sideslip for Deter- 
mination of Vertical-Tail Loads in Rolling Manenvera 
By Ralph W. Stone, Jr. 

2634. Evaluation of Three Methods for Determining Dynamic 
Characteristics of a Turbojet Engine. By Gene J. Dello. 

2633. An Analysis of laminar Pree-Convection Flow and Heat 

Transfer about a Flat Plate Parallel to the Direction of 
the Generating Body Force. By Simon Ostrach. 

2636. Influence of Lubricant Viscosity on Operating Tempera- 

tures of 75-MiIHmeter-Bore Cylindrical-Roller Bearing 
at High Speeds. By E. Fred Macks, William J. Ander- 
son, and Zolton N. Nemetb. 

2637. Compressive Buckling of Plat Rectangnlar Metallte Type 

Sandwich Plates with Simply Supported Loaded Edges 
and Clamped Unloaded Edges. By Paul Seide. 

2638. Study of Inadvertent Speed Increases In Transport Opera- 

tion. By Henry A. Pearson. 

^39. Fatigue Strengths of Aircraft Materials. Axial-Load 
Fatigue Tests on Notched Sheet Specimens of 24^T8 
and 75S-T8 Alnmlnnm Alloys and of SAB 4130 Steel 
with Stress-Concentratio-n Factor of IJi. By H. J. 
Grover, W. S. Hyler, and L. R. Jackson. 

^40. Interaction of Column and Local Buckling In Compression 
Members. By P. P. BlJIaard and G. P. Fisher. 

2641. A Vector Study of Linearized Supersonic Flow Applica- 
tions to Nonplanar Problems. By John C. Martin. 

26C. AppUcatlon of Linear Analysis to an Experimental In- 
vestigation of a Turbojet Engine with Proportional 
Speed ControL By Marcel Dandois and David Novik. 

2644. Experimental Investigation of an NACA 64A010 AlrfoU 

Section with 41 Suction Slots on each Surface for Con- 
trol of Laminar Boundary Layer. By Dale L. Barrows 
and 5Ulton A. Schwartzberg. 

2645. Effects of Wing Lift and Weight on Landing-Gear Loads. 

By Dean C. Lindquist 
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^646. In\isci<i Flow about AWoUs at High Supersonic Speeds. 

By A. J. Eggers, Jr., and Clarence A. Syvertson. 

2647. Implication of the Transport Equation for the.Semlem- 
pirical Treatment of Shields. By Philip Schwed. 

264S. Experimental Investigation of Transition of a Model Heli- 
copter Rotor from Hovering to Vertical Autorotation. 
By S. B. Slaymaker, Robert R. Lynn, and Robin B. Gray. 

2649. Effect of Mach Number on the Plow and Application of 

Compressibility Corrections In a Two-Dimensional Sub- 
sonic-Transonic Compressor Cascade having Varied 
Porous-Wall Suction at the Blade Tips. -By WUUam B. 
Briggs. 

2650. Radloautographlc Method for Bsamlnlng Distribution of 

Particles In a Cyclotron Beam. By M. L. Pool and S. 
Fultz. 

2651. Supersonic Conical Plow. By Stephen H. Maslen. 

2652. Application of a Channel Design Method to. Hlgh-SolIdlty 

Cascades and Tests of an Impulse Cascade with 00“ of 
Turning. By John D. Stanltz and Leonard J. Sheldrake. 

2653. A Thermodynamic Study of the Turbine-Propeller Engine. 

By Benjamin Pinkel and Irving M. Kai'p. 

2654. Two-Dimensional Flow on General Surfaces of Revolution 

In Turbomachines. By John D. Stanltz and Gaylord O. 
EUls. 

2655. Critical Study of Integral Methods in Compressible Lami- 

nar Boundary Layers. By Paul A. Libby, Morris Mor- 
duchow, and Martin Bloom. 

2656. A Blade-Element Analysis for Lifting Rotoi-s that is Ap- 

plicable for Large Inflow and Blade Angles and any 
Reasonable Blade Geometry. By Walter Castles, Jr., 
and Noah C. New. 

2657. Some Effects of Frequency on the Contribution of a 

Vertical Tall to the Free Aerodynamic Damping of a 
Model Osculating In Taw. By John D. Bird, Lewis E. 
Fisher, and Sadie M. Hubbard. 

2658. Laminar Boundary Layer over Flat Plate In a Plow having 

Circular Streamlines. By Artur Mager and Arthur G. 
Hansen. 

2659. A Miniature Electrical Pressure Gage Utilizing a Stretched 

Flat Diaphragm. By John L. Patterson. 

2660. An approach to the Prediction of the Frequency Distribu- 

tion of Gust Loads on Airplanes In Normal Operations. 
By Harry Press. 

2661. A SummaiT of Diagonal Tension. Part I — Methods of 

Analysis. By Paul Kuhn, James P. Peterson, and L. 
Boss Levin. 

2602. A Summary of Diagonal Tension. Part H — ^Experimental 
Evidence. By Paul Kuhn, James P. Peterson, and 
L. Ross Levin. 

2663. The Gust and Gust-Load Experience of a Twin-Engine 
Low-Altitude Transport Airplane In Operation on a 
Northern Transcontinental Route. By HaiTy Press and 
Robert L. McDougal. 

2604. Experimental Investigation of the Turbulent-Boundary- 
Layer Temperature-Recovery Factor on Bodies of 
Revolution at Mach Numbers from 2.0 to 3.8. By 
Howard A. Stine and Richard Scherrer. 

2665. An Extension of Lifting Rotor Theory to Cover Operation 

at Large Angles of Attack and High Inflow Conditions. 
By Alfred Gessow and Aimer D. Grim. 

2666. Two-Dimensional Subsonic Flow Past Elliptic Cylinder 

by the Variational Method. By G. B. R. Rao. 

2067. Generalized Linearized Conical Plow. By W. D. Hayes, 
R. C. Roberts, and N. Haaser. 
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2668. Experimental Investigation of a 90° Cascade Diffusing 

Bend with an Area Ratio of 1.45 : 1 and with Several 
.Inlet Boundary Layers. By Daniel Friedman and 
Willard R. Westphal. 

2669. Approximate Theory for Calculation of Lift of Bodies, 

Afterbodies, and Combinations of Bodies. By Barry 
Moskowltz. 

2670. High-Speed Subsonic Characteristics of 16 NACA 6-Serlcs 

Airfoil Sections. By Milton D. Van Dyke. 

267L Investigation of Stress Distribution in Rectangular Rates 
with Longitudinal Stiffeners under Axial Compression 
after Buckling. By Cbi-Teh Wang and Harry Zucker- 
berg. 

2672. Theoretical Augmentation of Turbine-Propeller Engine by 

Compressor-Inlet Water Injection, Tall-Pii>e Burning, 
and ITieir Combination. By Reece V. Hensley. 

2673. Theoretical Performance of an Axial-Flow Compressor In 

a Gas-Turbine Engine Operating with Inlet Water 
■ Injection. By Beece V. Hensley. 

2674. Some Experiments on Visualization of Flow Fields behind 

Low-Aspect-Ratio Wings by Means of a Tuft Grid. By 
John D. Bird and Donald R. Riiey. 

2676. Summary of Stall-Warning Devices. By John A. Zalovcik. 

2677. Wing-Body Interference at Supersonic Siieeds with an 

Application to Combinations with Rectangular Wings. 
By Jack N. Nielsen and William O. Pitts. 

2678. Abnormal Grain Growth in S-816 Alloy. By A. I. Rush, 

J. W. Freeman, and A. E. White. 

2679. The Stability Under Longitudinal Compression of Plat 

Symmetric Corrugated-Core Sandwich Plates with Sim- 
ply Supported Loaded Edges and Simply Supported or 
Clamped Unloaded Edges. By Paul Selde. 

2680. Flame Speeds of 2, 2, 4-Trlmethylpentane-Osygen-Nltro- 

gen Mixtures. By Gordon L. Dugger and Dorothy D. 
Giaab. 

2681. A_Compresslble-PIow Plotting Device and its Application 

^ Cascade Plows. By Willard R. Westphal and James 
C. Dunavant. 

2682. Transverse Vibrations of Hollow Thin-Wallcd Cylindrical 

Beams. By Bernard Budiansky and Edwin T. 
Kruszewski. ' 

2683. Survey of Portions of the Chromlum-Cobalt-Nickel-Molyb- 

,denum Quaternary System at 1200* C. By Sheldon 
Paul Rideout and Paul A. Beck. 

2684. A Low-Speed Investigation of a Fuselage-Side Air Inlet 

for Use at Transonic Flight Speeds. By Mark R. 
Nichols and Edwin B. Goral. 

2085. A Low-Bpeed Investigation of an Annular Transonic Air 
Inlet. By Mark R. Nichols and Donald W. Rinkoskl. 

2686. Experimental Investigation of Heat Transfer through 

Laminar and Turbulent Boundary Layers on a Cooled 
_ Plat Plate at a Mach Number of 2.4. By Ellis G. 
Slack. 

2687. Application of Transonic Similarity. By Adolf Busemanu. 
^88. Three-Dimensional Supersonic Nozzles and Inlets of Ar- 

“bltrary Exit Cross Section. By John C. Bvvard and 
; Stephen H. Maslen. 

2689. Effect of High-Llft Devices on the Low-Speed Static Lat- 
eral and Tawing Stability Characteristics of an Un- 
tapered 45° Sweptback Wing. By Jacob H. 
Lichtenstein. 

2600. Condensation of Air In Supersonic Wind Tunnels and its 
"Effects on Plow About Models. By C. Frederick Han- 
sen and George J. Nothwang. 
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2601. Theoretical fmS^"ExperImental Analysis of One-DImen- 
slonal Compressible Flow In a Rotating Eadial-Inlet 
Impeller ChanneL By Seymour Liebleln. 

2692. On the Form of the Turbulent Skin-Frictlon Law and Its 

Extension to Compressible Plows. By Coleman dnP. 
Donaldson. 

2693. A Theory and Method for .Applying Interferometry to the 

Measurement of Certain Two-Dimensional Gaseous 
Density Fields. By Walton L. Howes and Donald R. 
Buchele. 

2605. Migration of Cobalt During Firing of Ground-Goat Enam- 

els on Iron. By William N. Harrison, Joseph O. Rich- 
mond, Joseph W. Pitts, and Stanley G. Benner. 

2606. A Fundamental Study of the Mechanism by which Hydro- 

gen Enters Metals During Chemical and Electrochemical 
Processing. By L. D. McGraw, C. A. Shavely, H. L. 
Moore, P. T. Woodberry, and C. L. FausL 
269T. Method and Graphs for the Evaluation of Alr-Inductlon 
Systems. By George B. Brajnikoff. 

2609. Calculation of Lift and Pitching Moments due to Angle of 
Attack and Steady Pitching Velocity at Supersonic 
Speeds for Thin SweptbackTapered Wings with Stream- 
wise Tips and Supersonic Leading and Trailing Edges. 
By John C. Martin, Kenneth Margolis, and Isabella 
Jeffreys. 

2700. Reciprocity Relations In Aerodynamics. By Max. A. 
Heaslet and John E. Spreltec. 

270L A Survey of the Aircraft-Noise Problem with Special Ref- 
erence to its Physical Aspects. By Harv ey H. Hubbard. 

2702. An Approximate Method of Determining the Subsonic 

Flow In an Arbitrary Stream Filament of Revolution 
Cut by Arbitrary Turbomachine Blades. By Chung- 
Hua Wu, Curtis A. Brown, and Vasily D. Brian. 

2703. Electrical Techniques for Compensation of Thermal Time 

Lag of Thermocouples and Resistance Thermometer 
Elements. By Charles B. Shepard and Isidore 
Warshawsky. 

2704. Fatigue Strengths of 14S-T4 Aluminum Alloy Subjected 

to Biaxial Tensile Stresses. By Joseph blarin and W. P. 
Hughes. 

2705. Theory of Supersonic Potential Flow in Turbomaehines. 

By Robert H. Wasserman. 

3706. Effect of Changing Passage Configuration on Internal- 
Flow Characteristics of a 48-inch Centrifugal Compres- 
sor. I — Change in Blade Shape. By Donald J. Michel, 
John Mizisin, and Vasily D. Brian. 

2707. Analogue-Computer Simulation of an AutopEot Servo Sys- 

tem having Nonlinear Response Characteristics. By 
Arthur L. Jones and John S. White. 

2708. Comparison of Three Multicylinder Icing Meters and 

Critique of Multicylinder Method. By Wallace E. 
HowelL 

2700. Fatigue and Static Tests of Flush-Riveted Joints. By 
Darnley M. Howard and Prank C. Smith. 

2710. Diffusion of Heat from a Line Source In Isotropic Turbu- 

lence. By Mahinder S. Uberol and Stanley Corrsln. 

2711. The Aerodynamic Design of High Mach Number Nozzles 

Utilizing Axlsymmetric Plow with Application to a 
Nozzle of Square Test Section.---.By Ivan E. Beckwith, 
Herbert W. RIdyard, and Nancy Cromer. 

2712. Flow Characteristics over a Lifting Wedge of Finite As- 

pect Ratio with Attached and Detached Shock Waves 
at a Mach Number of 1.40. By John H. Hilton, Jr. 

2713. Effect of Compressor-Outlet Air Bleed on Performance 

of a Gentrlfugal-Plow Turbojet Engine with a Constant- 
Area Jet Nozzle. By Sidney C. Huntley. 
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2714. 'Normal Accelerations and Operating Conditions Encoun- 

tered by a Helicopter In Air-Mail Operations. By Aimer 

D. Grim and Marlin E. Hazen. 

2715. The Theoretical Characteristics of Triangular-Tip Con- 

trol Surfaces at Supersonic Speeds. Mach Lines Behind 
Trailing Edges. By Julian H. Eainer and Mary Dowd 
King. 

2716- Effect of Open Circular Holes on Tensile Stren^h and 
Elongation of Sheet Specimens of a Magnesium Alloy. 
By E. S. Barker. 

2717. Effect of Temperatures from —70° to 600° F. on Strength 

of Adhesive- Bonded Lap Shear Specimens of Clad 24S- 
T3 Aluminum Alloy and of Cotton- and Glass-Fabric 
Plastic Laminates. By H. W. Eickner, W. Z. Olson, and 

E. F. Blomquist. 

2718. Two-Dimensional Steady Nonviscous and Viscous Com- 

pressible Flow through a System of Equidistant Blades. 
By Hans J. Reissner, Leonard Meyerhoff, and Martin 
Bloom. 

2719. Investigation of Statistical Nature of Fatigue Properties. 

By E. Epremian and R. F. Mehl. 

2721. Initial Results of Instrument-Flying Trials Conducted in 

a Single-Rotor Helicopter. By Aimer D. Crim, John P. 
Reeder, and James B. Whitten. 

2722. Displacement Effect of a Three-Dimensional Boundary 

Layer. By Franklin K. Moore. 

2723. Use of the Bounds ry'Layer of a Cone to Measure Super- 

sonic Plow Inclination. By Franklin K. Moore. 

2724. Transonic Similarity Rules for Lifting Wings. By Keith 

0. Harder. 

2725. Interaction of Oblique Shock Waves with Regions of Vari- 

able Pressure, Entropy, and Energy. By W. B. MoeckeL 

2726. On the Application of Transonic Similarity Rules. By 

John R. Spreiter. 

2728. Experiments to Determine Neighborhood Reactions to 

Light Airplanes with and without External Noise Re- 
duction. By Fred S. ElwelL 

2729. -An Analysis of Supersonic Plow in the Region of the 

Leading Edge of Curved Airfoils, Including Charts 
for Determining Surface-Pressure Gradient . and 
Shock-Wave Curvature. By Samuel Kraus. 

273L Influence of Structure on Properties of Sintered Chro- 
mium Carbide. By H. J. HamJIan and W. G. Lidman . 

2732. Theoretical Investigation of Velocity Diagrams of a 

Single-Stage Turbine for a Turbojet Engine at Maxi- 
mum Thrust per Square Foot Turbine Frontal Area. 
By Leo Cohen. 

2733. Method for Calculation of Heat Transfer in Laminar 

Region of Air Flow around Cylinders of Arbitrary Gross 
Section (Including Large Temperature Differences and 
Transpiration Cooling). By E. E. G. Eckert and John 
N. B. Livingood. 

2734. Summary of Available Hail Literature and the Effect of 

Hail on Aircraft in Flight. By Robert K. Souter and 
Joseph B. Emerson. 

2736. Two-Dimensional Shear Plow in a 00° Elbow. By James 
J. Kramer and John D. Stanitz. 

2738. A Probability -Analysis of the Meteorological Factors Con- 
ducive to Aircraft Icing in the United States. ' By Wil- 
liam Lewis and Norman E. Bergmn. 

2740. Experimental Investigation of the Local and Average 
Skin Friction in the Laminar Boundary Layer on a 
Flat Plate at a Mach Number of 2.4. By Randall C. 
Ma.vdew and Constantine O. Pappas. 
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2744. Practical Calcnlation of Second-Order Supersonic Flow 
Past Nonllfting Bodies of Revolution. By Milton D. 
Van Dyke. 

2748. On Transonic Flow Past a Wave-SUaped Wall. By Carl 

Kaplan. 

2749. Analysis of Flow In a Subsonic Mixed-Flow Impeller. 

By Cbung-Hua Wu, Curtis A. Brown, and Eleanor L. 
Costllow. 

2750. Matrix and Relaxation Solutions that Determine Subsonic 

Through Plow In an Axial-Plow Gas Turbine. By 
Chung-Hua Wu. 

2752. A Study of the Stability of the Laminar Boundary-Layer 
as Affected by Changes In the Boundary-Layer Thldt- 
ness in Regions of Pressure Gradient and Flow through 
the Surface. By Neal Tetervin and David A, Levine. 
2754. A Method of Selecting the Thickness, Hollowness, and 
Size of a Supersonic Wing for Least Drag and Sufficient 
Bending Strength at Specified Plight Conditions. By 
James L. Amick. 

2756. Noise from Intermittent Jet Engines and Steady-Plow Jet 
Engines with Rough Burning. By Leslie W. Lassiter. 
2767. Experimental Studies of Noise from Subsonic Jets" in Still 
Air. By Leslie W. Lassiter and Harvey H. Hubbard. 

2758. Wear and Sliding Friction Properties of Nickel Alloys 

Suited for Cages of Hlgh-Xemperature Rolling-Contact 
Bearings. I — Alloys Retaining Mechanical Properties 
to 600° P. By Robert L. Johnson, Max A. Swlkert, and 
Edmond E. Bisson. 

2759. Wear and Sliding Friction Properties of Nickel Alloys 

Suited for Cages of High-Temperature Rolling-Contact 
Bearings. II— Alloys Retaining Mechanical Proi)ertles 
above 600° P. By Robert L. Johnson, Max A. Swlkert, 
and Edmond E. Bisson. 

2760. Derivation of Stability Orlterions for Box Beams with 

Longitudinally Stiffened Covers Connected by Posts. 
By Paul Selde. 

2761. Instrument-Plight Results Obtained w’lth a Combined- 

Signal Flight Indicator Modified for Helicopter Use. 
By Aimer D. Grim, John P. Reeder, and James B. 
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2778. Stress and Strain at Onset of Crazing of Polymethyl 

Metlmcrylate at Various Temperatures. By M. A. Sher- 
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2779. Effects of Moderate Biaxial’ Stretch-Forming on Tensile 

and Crazing Properties of Acrylic Plastic Glazing. By 
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2782. Bending of Thin Plates with Compound Curvature. By 
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2799. Simple Graphical Solution of^e'at Transfer and Evapora- 
tion from Surface Heated to Prevent Icing. By Vernon 
H. Gray. 

TECHNICAL MEMORANDUMS " 

Citations to Gterman reports in this list will use the follow- 
ing abbreviations where applicable : 

ZWB — Zentrale ffir WlssenschaftUches Berichtswesen der Luft- 
fahrtforschung des Generalluftzeugmelsters (German Central 
Publication Office for Aeronautical Reports ) . 

F&— Forschungsbericht (Research Beport). 

UM — Untersuchungen und Mltteilungen (Reports and Memo- 
randa). 

* The missing numbers in the series of Technical Memorandums were 
released before or after the period covered by this report. 
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1264. Calculation of the Lateral-Dynamic Stability of Aircraft. 
By A. Raikh. From Tsentralnogo Aero-Gldrodlnaml- 
clieskogo lustituta, Trudy (CAHI Report) No. 453, 1939. 
1274. Behavior of Fast Moving Flow of Compressible Gas in 
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1319. Torsion and Bending of Prismatic Rods of Hollow Rec- 

tangular Section. By B. L. Abramyan. Prom Priklad- 
naya Matemutlka I .Mekhanika, Vol. 14, No. 3, 1050, 
pp. 26-5-276. 

1320. Investigations on Wings with and without Sweepback at 

High Subsonic Speeds. By Jakob Aekeret, Max Degen, 
and Nikolaus Rott. From Zeitschrift ftir angewandte 
Aiatheuiatik und Physik (ZAMP) Vol. 1, 1950, pp. 32-42. 
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1322. Theory of Thin-Walled Rods. By A. L. Goldenveizer. 

From Prikladnaya Matematlka I Mekhanika, VoL 13, 
Nov.-Dee. 1949. pp. 561-596. 

1323. Influence of Static Longitudinal Stability on the Behav- 

ior of Airplanes in Gusts. By H. Hoene. From ZIVB, 
PB 1422, Dec. 31, 1940. 

1325. Concerning the Plow About Ring-Shaped Cowlings of 

Finite Thickness. Part L By Dietrich Kiichemann. 
From 2IWB, FB 1236, June 13, 1940. 

1326. Concerning the Plow About Ring-Shaped Cowlings, Part 

II — ^.4nnular Bodies of Infinite Length with Circulation 
for Smooth Entrance. By Dietrich Kfichemann and 
Johanna Weber. From ZWB, PB 1236/2, Nov. 11, 1940. 

1327. Concerning the Flow About Ring-Shaped Cowlings, Part 

VI — Fui-ther Measurements on Inlet Devices. By 
Dietrich Kiichemann and Johanna Weber. Prom ZWB, 
PB 1236/6, March 30, 1942. 
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VIII — Further Measurements on Annular Profiles. By 
Dietrich Kiichemann and Johanna Weber. Ebxim ZWB, 
PB 1236/8, March 25, 1943. 

1329. Concerning the Plow About Ring-Shaped Cowlings, Part 

IX — The Influence of Oblique Oncoming Flow on the 
Incremental Velocities and Air Forces at the Front 
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Johanna Weber. From ZWB, PB 1236/9, June 10, 1943. 

133L Investigations of the Boundary-Layer Control on a Full 
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Aprli, 1950, pp. 89-54. 

1332. Extension to the Cases of Two Dimensional and Spheri- 
cally Symmetric Plows of Two Particular Solutions to 
the E<iuations of Motion Governing Unsteady Plow in a 
Gas. By Lorenzo PoggL Prom L’Aerotecnica, Nu- 
mero Speelale in Onore dl Modesto Panetti, 25 Novem- 
ber 1950. 
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1333. On Rotational Conical Plow. By Carlo Ferrari. Prom 
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Panetti, November 25, 1950. 

1334. The Effect of High Viscosity on the Plow Around a Cylin- 

der and Around a Sphere. By P. Homann. Prom 
Z-AilM, Vol. 16, No. 3, June 1936, p. 153-164. 

1336. Development of a Laminar Boundary Layer Behind a 
Suction Point. By W. Wuest. From Ingenieur .Archiv, 
VoL 17, 1949, pp. 199-206. 

13-38. 'The Oxidation of Metals and AUoys. By Erich Schell. 
Prom Zeitschrift fur Metalikunde, VoL 29, July 1937, pp. 
209-214. 

1339. Velocity of Action of Oxygen, Hydrogen Sulfide, and Halo- 
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Part II— COMMITTEE ORGANIZATION 


As established by law, the hTational Advisory Com- 
mittee for Aeronautics consists of 17 members ap- 
pointed by The President and reporting to him. The 
membership includes two representatives each from the 
Air Force, the Navy Bureau of Aeronautics, and of the 
Civil Aeronautics Administration, and single repre- 
sentatives from the Smitlisonian Institution, tlie U. S. 
Weather Bureau, the National Bureau of Standards, 
and the Research and Development Board of the De- 
partment of Defense. The seven other members, who 
serve for five-year terms, are private citizens chosen 
from industry and the sciences. Representatives of 
the Government organizations serve for indefinite 
periods, and all members serve as such without com- 
pensation. 

Dming the past year, the following changes in Com- 
mittee membership took place: 

Lieutenant Gteneral Laurence C. Craigie, Deputy 
Chief of Staff, Development, of the United States Air 
Force, was appointed by President Truman a member 
of the NACA December 15, 1951, to succeed llajor 
General Gordon P. Saville, whose membership on the 
Committee was terminated July 31, 1961, upon his 
retirement from the Air Force. 

Another vacancy on the Committee was filled on 
June 5, 1952, when The President appointed Dr. Allen 
V, Astin, the new Director of the National Bureau of 
Standards, as a member of the NACA. Dr. Astin 
succeeded Dr. Edward U. Condon, whose membership 
on the NACA was tenninated September 30, 1951, con- 
curiently with his resignation as Director of the Bureau 
of Standards. 

Vice Admiral Mathias B. Gardner, Deputy Chief of 
Naval Operations (Air), was appointed a member of 
the NACA on May 13, 1952, succeeding Vice Admiral 
John H. Cassady, who had ]ust been detached from the 
same Navy post and assigned to sea duty. 

On September 16, 1952, The President appointed 
Rear Admiral Thomas S. Combs, Chief of the Bureau 
of Aeronautics of the Navy, as a member of the NACA 
Vice Rear Admiral Theodore C. Lonnquest, relieved 
upon his transfer from duty in Washington, where he 
had served as Deputy and Assistant Chief of the Bureau 
of Aeronautics. 

On October 16, 1952, Dr. Jerome C. Hunsaker was re- 
elected Chairman of the NACA and of the Executive 
Committee. At the same time. Dr. Alexander Wetmore 
was reelected Vice Chairman of the NACA and Dr. 


Francis W. Reichelderfer was reelected Vice Chairman 
of the Executive Committee. 

The Committee membership Is as follows : 

Dr. Jerome C. HanMk'er, Ma^achusetts Institute of Tech- 

- nology. Chairman 

Dr. Alexander Wetmore, Smithsonian Institution. 

Vice Chairman 

Dr. Allen T. Astin, National Bureau of Standards. 

Dr. Detlev W. Bronk, The Johns Hopkins University. 

Rear Admiral Thomas S. Combs, USN, Chief of the Bureau 
of Aeronautics. 

Iiieutehant General Laurence C. Craigie, USAF, Deputy 
Chief of Staff, Development. 

Honorable Thomas W. S. Davis, Assistant Secretary of 
Commerce. 

Dr. James H. Doolittle, Shell Oil Company. 

Vice Admiral Matthias B. Gardner, USN, Deputy Chief of 
Naval Operations (Air). 

Mr. Ronald M. Hazen, Allison Division, General Motors 
Corporation. 

Mr. William LIttlewood, American Airlines, Inc. 

Honorable Donald W. Nyrop, Civil Aeronautics Board. 

Major General Donald L. Putt, USAF, Vice Commander, 
Air Research and Development Command. 

Dr. Arthur E. Raymond, Dougins Aircraft Company, Inc. 

Dr. Francis W. Reichelderfer, U. S. Weather Bureau. 

Honorable Walter G. Whitman, Research and Development 
Board. 

Dr. Theodore P. Wright, Cornell University. 

Assisting the Committee in its coordination of aero- 
nautical research are four technical committees : Aero- 
dynamics, Power Plants for Aircraft, Construction, 
and Operating Problems. Each of these, committees 
is supported by from three to eight technical subcom- 
mittees. The Committee is assisted in the formulation 
of general policy by an Industry Consulting Committee. 

In the aimual reorganization of technical committees 
and subcommittees of the NACA for the calendar year 
1952, the Special Subcommittee on the Upper Atmos- 
phere, under the Committee on Aerodjmamics, was 
discharged with thanks, since it was considered that 
such activities in the field of research on the upper at- 
mosphere as are of special importance to the NACA 
may be carried on under the cognizance of the Subcom- 
mittee on Meteorological Problems. 

Two new special subcommittees were established to 
meet the needs that have arisen: a Special Subcom- 
mittee oh Power Plant Controls, appointed June 12, 
1952, under the Committee on Power Plants for Air- 
craft; and a Special Subcommittee on Aircraft Noise, 
established March 4, 1952, under the Committee on 
Operating Problems. 
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Membership of tlie Committees, with the subcom- 
mittees being listed under the teclinical committees hav- 
ing cognizance, is as follows : 

COMMITTEE ON AERODYNAMICS 

Dr, Theodore P. Wright, Cornell UnlverBity, Chairman. 

Capt. Walter S. Diehl, U. S. N. (Ret.), Vice. Chairman. 

Dr. Albert E. Lombard, Jr., Directorate of Research and Develop- 
ment, U. S. Air Force. 

Col. Robert G. Ruegg, U. S. A. F., Wright Air Development 
Center. 

Mr. P. A. Louden, Bureau of Aeronautics, Department of the 
Navy. 

Capt. M. R. Kelley, U. S. N. (Ret.), Bureau of Ordnance. 

Brig. Gen. Leslie B. Simon, U> S. A., Chief, Ordnance Research 

and Development Division. , 

Mr. Harold D. Hoekstra, Civil- Aeronautics Administration. 

Dr. Hugh L. Dry den (ex oflaclo). 

Mr. Floyd L. Thompson, NACA Langley Aeronautical Laboratory. 
Mr. Russell G. Robinson, NACA Ames Aeronautical Labocatorj', 
Mr. Alexander H. Flax, Cornell Aeronautical Laboratory, Inc. 
Mr. Edward J. Horkey, North American Aviation, Inc. 

Mr. Clarence L. Johnson, Lockheed Aircraft Corp. 

Mr. Grover Loening. 

Dr. Clark B. Millikan, California Institute of Technology. 

Dr. Allen B. Puckett, Hughes Aircraft C5o. 

Dr. W. Bailey Oswald, Douglas Aircraft Co., Inc. 

Mr. Geoige S. Sclialrer, Boeing Airplane Co. 

Prof. E. S. Taylor, Massachnsetts Institute of Technology. 

Mr. R. H. Wldmer, Consolidated Vultee Aircraft Corp. 

Mr. Robert J. Woods, Bell Aircraft Corp. 

Mr. Milton B, Ames, Jr., Secretary 

Subcommittee on Fluid Mechanics 

Dr. Clark B. Millikan, California, Institute of Technology, 
Chairman. 

Dr. Frank L. Wattendorf, Directorate of Research and Develoi)- 
ment, U. S. Air Force. 

Dr, Theodore Theodorsen, Air Research and Development Com- 
mand, U. S. Air Force. 

Dr. B. Bromberg, Office of Naval Research, Department of the 
Navy. 

Comdr. L. Q. Pooler, U. S. N., Bureau of Ordnance. 

Mr. Joseph Sternberg, Ballistic Research Laboratories, Aberdeen 
Proving Ground. 

Dr. G. B. Schubauer, National Bureau of Standards. 

Dr. Carl Kaplan, NACA Langley Aeronautical Laboratory. 

Mr. John Stack, NACA Langley Aeronautical Laboratory. 

Mr. Robert T. Jones, NACA Ames Aeronautical Laboratory. 
Mr. Walter G. Vlncenti, NACA Ames Aeronautical Laboratory. 
Dr. .John C. Evvard, NACA Lewis Flight Propulsion Laboratory. 
Dr. William Bollay. 

Dr. Francis H. Clnuser, Tlie Johns Hopkins University. 

Dr. Arthur T. Ippen, Massachusetts Institute of Technology. 
Dr. Hans W, Llepmann, California Institute of Technology. 

Dr. C. O. Lin, Massachusetts Institute of Technology. 

Dr. William R. Sears, Cornell University. 

Dr. Raj'mond J. Seeger, National Science Foundation. 

Mr. E. O, Pearson, Jr., Secretary 

Subcommittee on High-Speed Aerodynamics 

Dr. Allen E. Puckett, Hughes Aircraft Co., Chairman. 

Ma,1or James B. Robinson, HI, U. S. A. F., Air Research and 
Development Command. 


Mr. H. L. Anderson, Wright Air Development Center, U. S. Air 
Force. 

Comdr. Sydney S. Sheri)y, U. S. N., Bureau of Aeroimutfcs. 

Dr. George. L. Shut*. Naval Ordnance Laboratory. 

Mr, C. L. Poor, III, Ballistic Research laiboiutof'es, Aberdeen 
Proving Ground. 

Mr. R<jbert R. Gilriith, NACA Langley Aeronautical Laboratory. 
Mr. John Stack, NACA Langley Aeronautical Lab*n’atory. 

Mr. H. Julian Allen, NACA Ames Aeronautical Laboralor.v. 
Mr. Abe Silverstein, NACA Lewis Flight Propulsion Laboratory. 
Mr. Irving L. Ashkenas, Northrop Aircraft, Inc. 

Mr. Ralph L. Bayless, Consolidated Vultee Aircraft Corp. 

Mr. Benedict Cohn, Boeing Airplane Co. 

Mr. John G. Lee, United Aircraft Corp. 

Mr. David S. Lewis, Jr., McDonnell Aircraft Corp. 

Prof. John R. Markham, Massacliusetts Institute of Technology. 
Mr. C. E. Pappas, Republic Aviation Corp. 

Mr. William C. Schoolfleld, United Aircraft Corp. 

Mr. George S. Trimble, Jr., The Glenn L. Martin Co. 

Mr. K. E. Van Every, Doughas Aircraft Co., Inc. 

Mr. Edward 0. Polhanms, Secretary 
Subcommittee on Stability and Control 

Capt. Walter S. Diehl, U. S. N. (Ret.), Chairman. 

Mr. Melvin Shorr, Wright Air Development Center. 

Mr. Gerald 6. Kayten, Bureau of AerouautifS, DeiMirtinenl of 
the Navy. 

Mr. Abraham I. Moskovltz, Bureau of Ordnance, Department of 
the Navy. 

Mr. Philippe W. Newton, U. S. Army Ordnance Corps. 

Mr. John A. Carran, Civil Aeronautics Administration. 

Mr. Thomas A. Harris, NACA Langley Aeronautical Lalwrntory. 
Mr. Horry J. Goett, NACA Ames Aeronautical Lalmratory. 

Dr. James C. Fletcher, Hughes Aircraft Corp. 

Mr. George S. Graff, McDonnell Aircraft Corp. 

Mr. Herbert Harris, Jr., Sperry Gyroscope Co., Inc. 

Mr. Stnart A. Krieger, Northrop Aircraft, Inc. 

Mr. W. F. Milllken, Jr., Cornell Aeronautical Laboratory, Inc. 
Mr. Dale D. Myers, North American Aviation, Inc. 

Prof. Courtland D. Perkins. Princeton University. 

Prof. Robert C. Seamans, Jr., Massachusetts Institute of Tech- 
nology. 

Mr. Ralph H. Shick, Consolidated Vultee Aircraft Corp. 

Mr. Charles Tilgner, Jr., Gmmann Aircraft Engineering Corp. 

Mr. .Tack D. Brewer, Secretary 

Subcommittee on Internal Flow 

Mr. Philip A. Colman, Lockheed Aircraft Corp., cimirman. 
Major Robert S. Wolfsohn, U. S. A. F., Air Rese.arch and De- 
velopment Command. 

Mr. Joseph Flatt, Wright Air Development Center. 

Mr. Palmer R. Wood, Bureau of Aeronautics, Department of the 
Navy. 

Comdr. R, L. Duncan, U. S. N., Office of Naval Researcli. 

Mr. C. L. Zakhartchenko, U. S. Naval Ordnance Experimental 
Unit. 

Mr. John V. Becker, NACA Langley Aeronautical Laboratory. 
Mr. Wallace F. Davis, NACA Ames Aeronautical Laboratory. 
Mr, DeMarquis D. Wyatt, NACA Lewis Fliglit Propulsion 
Laboratory. 

Mr. J. S. Alford, General Electric Co. 

Mr. John A. Drake, Marquardt Aircraft Co. 

Mr. Leo' A. Qeyer, Grumman Aircraft Engineering Corp, 

Mr. Henry H. Hoadley, United Aircraft Corp. 
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Dr. Wtlllam J. O’Donnell, Hepnblle Aviation Corp. 

Mr. Otto P. Prachar, Allison Division, General Motors Corp. 

Mr. Ascher H. Sbapiro, Massachusetts Institute of Technology. 
Mr. Maurice A. Sulkin, North American Aviation, Inc. 

3Ir. Edward C. Polhaipus, Secretary 
Subcommittee on Propellers for .Aircraft 

Mr. Thomas B. Rhlnes, Hamilton Standard Division, United 
Aircraft Corp., Chairman. 

Capt Robert P. Boyer, U. S. A. P., Air Research and Develop- 
ment Command. 

Mr. Daniel A. Dickey, Wright Air Development Center. 

Mr. Ivan H. Driggs, Burean of Aeronautics, Department of the 
Navy. 

Mr. John C. Morse, Civil Aeronautics Administration. 

Mr. Eugene C. Draley, NACA Langley Aeronautical Laboratory. 
Mr. Robert M. Crane, NACA Ames Aeronautical Laboratory. 

Mr. George W. Brady, Propellw Division, Curtiss- Wright Corp. 
Mr. Frank W. CaldwelL United Aircraft Corp. 

Mr. Wilfred W. Davies, United Air Lines, Inc. 

Mr. Ralph R. LaMotte, Aeroproducts Division, General Motors 
Corp. 

Mr. E. B. Maske, Jr., Consolidated Vultee Aircraft Corp. 

Mr. Robert B. Smith, Douglas Aircraft Co., Inc. 

Mr. Ralph W. May, Secretary 

Subcommittee ou Seaplanes 

Mr. Grover Loenlng, Chairman. 

Mr. Raymond -V. Cantwell, Air Research and Development 
Command. 

Mr. J. M. Herald, Wright Air Development Center. 

Mr. Charles J. Daniels, Bureau of Aeronautics, Department of 
the Navy. 

Mr. P. W. S. Locke, Jr., Bureau of Aeronautics, Departinent of 
the Navy. 

Dr, Albert I. Beilin, Office of Naval Research, Department of the 
Navy. 

Capt. W. C. Fortune, U. S. N., David W. Taylor Model Basin. 
Comdr. John A. Ferguson, U. S. N., Naval Air Test Center, Pa- 
tuient. 

Capt. Donald B. MacDlarmid, U. S. C. G., U. S. Coast Guard Air 
Station, Elizabeth City, North Carolina. 

Mr. Robert Rosenbaum, CivU Aeronautics Administration. 

Mr. John B. Parkinson. NACA Langley Aeronautical Laboratory. 
Mr. Robert B. Cotton, AH American Airways, Inc. 

Dr. K. S. M. Davidson, Stevens Institute of Technology. 

Dr. Arthur T. Ippen, Massachusetts Institute of Technology. 
Mr. J. D. Pierson, The Glenn L. Martin Co. 

Mr. WiUIam B. Ryan, Edo Corp. 

Mr. E. G. Stout, Consolidated Vnltee .-Urcraft Corp. 

Mr. Henry B. Snydam, Grumman Aircraft Engineering Corp, 
Mr. Ralph W. May, Secretary 

Subcommittee on Helicopters 

Mr. Bartram Kelley, BeR Aircraft Corp., Chairman. 

Mr. Bernard Lindenbanm, Wright Air Development Center. 
Capt Paul A. Simmons, Jr., U. §. A. F., Wright Air Development 
Center. 

Mr. Raymond A. Young, Burean of Aeronautics, Department of 
the Navy. 

Capt. Frank A. Erickson, U. S. C. O., Hq., U. S. Coast Guard, 
Washington. 

Lt. Col. John W, Oswalt, U. S. A., Army Field Forces. 


Mr. R. B. Maloy, Civil Aeronautics Administration. 

Mr. BnrdeU L. Springer, Civil Aeronautica Administration. 

Mr. Richard C. Dingeldein, NACA Langley Aeronautical Labora- 
tory. 

Mr. P. B. Gustafson, NACA Langley Aeronautical Laboratory. 
Mr. L. li Douglas, PiaseckI Helicopter Corp. 

Mr. B. F. Katzenberger, Sikorsky Aircraft Division, United Air- 
craft Corp. 

Mr. Rene H. Miller, The Kaman Aircraft Corp. 

Jlr. Robert R. Osborn, McDonnell Aircraft Corp. 

Mr. Richard H. Prewitt, Prewitt Alreraft Co. 

Mr. N. M. Stefano, Hughes Aircraft Co. 

Mr. Wayne Wlesner, Hiller Helicopters. 

Mr. Leslie E. Schnelter, Secretary 

COMAHTTEE ON POWER PLANTS FOR AIRCRAFT 

Mr. Ronald M. Hazen, Allison Division, General Motors Corp., 
Chairman. 

Prof. E. S. Taylor, Massachusetts Institute of Technology, Vice 
Chairman. 

CoL Norman C. .ippold, U. S. A, F., Wright Air Development 
Center. 

Col. Paul F. Nay, U. S. A. F., Directorate of Research and 
Development. 

GapL A. L. Baird, U. S. N., Burean of Aeronautics. 

Mr. Stephen RoUe, Civil Aeronautics Administration. 

Dr. Hugh L. Drydeu (ei officio). 

Mr. Abe Silversteln. NACA Lewis Plight Propulsion Laboratory. 
Jlr. Neil Burgess, General Electric Co. 

Mr. Frank W. Davis, Consolidated Vnltee Aircraft Corp. 

Mr, R. M. Dunn, Trans World Airlines, Inc. 

Mr. W. M. Holoday, Socony Vaennnr Oil Co., Inc. 

Mr. B. P. Kroon, Westinghouse Electric Corp. 

Mr. Milton G. Lnndquist, Wright Aeronautical Division, Curtlss- 
Wrlght Corp. 

-Mr. Wright A. Parkins, Pratt and Whitney Aircraft Division, 
United Aircraft Corp. 

Mr. George S. Schalrer, Boeing Airplane Co. 

Mr. Raymond W. Young, Reaction Motors, Inc. 

Mr. William H. Woodward, Secretary 

Subcommittee on Aircraft Fuels 

Dr. J. Bennett Hill, Sun Oil Co., Chairman. 

Lt. Col. Robert J. Burger, U. S. A. P., Directorate of ReMarch 
and DevelopmenL 

Major M. W. Shayeson, U. S. A. F^ Wright Air Development 
Center. 

Lt Comdr. Edward B. Monteath, U. S. N., Burean of Aeronautics. 
Mr. Ralph S. White, Civil .Aeronautics Administration. 

Dr. L. O. Gibbons, N.ACA Lewis Flight Propulsion Laboratory. 
Dr. D. P. Barnard, Standard OU Co. of Indiana. 

Mr. A. J. Blackwood, Standard OU Development Co. 

Mr. J. L. Cooley, California Research Corp. 

Mr. F. G. Dougherty, Allison Division, General Motors Corp. 
Mr. B. A. Droegemueller, Pratt and Whitney Aircraft Division, 
United Aircraft Corp. 

Mr. S. D. Heron, Ethyl Corp- 

Mr. W. M. Holoday, Socony-Vacmim Oil Co., Inc. 

Mr. C. R. Johnson, SheU Oil Co. 

Dr. W. E. Kuhn, The Texas Co. 

ilr. O. B. Rodgers, Westinghouse Electric Corp. 

Mr. Harold M. Trimble, PhUlIps Petroleum Co. 

Mr. Melvin H. Young, Wright Aeronautical Division, Curtlss- 
Wrlght Corp. 

Mr. James T. DtPiazza, Secretary 
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Sabcominittee on Combagtion 

Dr. Jolin P. Longwell, Standard Oil Development Co., Chaii’man. 
Mr. EweU 0. Phillips, Wright Air Development Center. 

Mr. D. G. Samaras, Wright All- Development Center. 

Mr. David J. Miller, Burean of Aeronautics, Department of the 
Navy. 

Dr. Edward H. Seymour, Office of Naval Research, Department 
of the Navy. 

Dr. Bernard Lewis, TJ. S. Bureau of Mines. 

Dr. Ernest F. Flock, National Bureau of Standards. 

Dr. Walter T. Olson, NAOA Lewis Flight Propulsion Labora- 
tory. 

Mr. Edmund D. Brown, Pratt and Whitney Aircraft Division, 
United Aircraft Corpi 

Dr. Alfred G. Cattaneo, Shell Development Co. 

Prof. Frank E. Marble, California Institute of Technology. 

Mr. A. J. Nerad, General Electric Co. 

Dr. Robert N. Pease, Princeton University. 

Mr. Edwin P. Walsh, WesUnghouse Electric Corp. 

Prof. Glenn O. WlUlams, Massachusetts Institute of Technology. 
Dr. Kurt Wohl, University of Delaware. 

Mr. B. E. Gammon, Secretary 

Subcommittee on Lubrication and Wear 

Mr. E. M. Phillips, General Electric Co., Chairman. 

Mr. C. M. Michaels, Wright Air Development Center. 

Mr. J. O. Mosteller, Wright Air Development Center. 

Mr. Charles 0. Singleterry, Bureau of Aeronautics, Department 
of the Navy. 

Mr. Edmond B. Bisson, NACA Lewis Flight Propulsion Labora- 
tory. 

Mr. Richard W. Blair, Wright Aeronautical Division, Curttss- 
Wrlght Coip, 

Dr. Merrell R. Fenske, The Pennsylvania State College. 

Mr. Daniel Gurney, Marlln-Rockwell Corp. 

Dr. Robert G. Larsen, Shell Developmait Co. 

Mr. O. J. McDowall, Allison Division, General Motors Corp. 

Mr. Joseph Palsullch, Cleveland Graphite Bronze Co. 

Mr. Earle A. Ryder, Pratt and Whitney Aircraft Division, United 
Aircraft Corp. 

Prof. L. M. Tichvinsky, University of California. 

Mr. George P. Townsend, Jr., Westlnghouse Electric Corp. 

Mr. Frank W. WeUons, SKP Industi-les, Inc. 

Mr. W. Andrew Wright, Sun Oil Co. 

Mr. William H. Woodward, Secretary 

SubcommiUee on Compressors and Turbines 

Mr. Walter Doll, Pratt and Whitney Aircraft Division, United 
Aircraft Corp., Chairman. 

Mr. Wesley V. Hurley, Air Research and Development Com- 
mand. 

Mr. Robert W. Plnnes, Bureau of Aeronautics, Department of 
the Navy. 

Comdr, R. L. Duncan, U. S. N., Office of Naval Research. 

Mr. John R. Erwin, NACA Langley Aeronautical Laboratory. 
Mr. Robert 0. Bullock, NAOA Lewis Flight Propulsion Labora- 
toi-y. 

Mr. H. S. Hall, General Electric Co. 

Mr. Charles A. Meyer, Westlnghouse Electric Corp. 

Mr. Bernard J. Mezger, Wright Aeronautical Division, Curtlas- 
Wrlght Corp. 

Dr. W. Duncan Kannle, Harvard University. 

Prof. Ascher H. Shapiro, Massachusetts Institute of Technology. 


Mr. John M. Wetzler, Allison Division, General Motors Corp. 
Prof. George F. Wislicenus, The Johns Hopkins University. 

Mr. Guy N. Ullman, Secretary 

Subcommittee on Engine Performance and Operation 

Mr. Arnold H. Redding, Westinghouse Electric Corp., Chairman. 
Lt. Col. Donald H. Heaton, U. S. A. F., Air Research and Develop- 
ment Command. 

Dr. Ople Chenoweth, Wright Air Development Center. 

Mr. Carl C. Sorgen,' Bureau of Aeronautics, Department of the 
Navy. 

Mr. Brnce T. Lundln, NACA Lewis Flight Propulsion Laboratory. 
Dr. John L. Barnes, North American Aviation, Inc. 

Mr. William Pox, Consolidated Vultee Aircraft Corp. 

Mr. Dlmltrius Gerdan, Allison Division, General Motors Coip. 
Dr. William J. O’Donnell, Republic Aviation Corp. 

Mr. Maynard L. Pennell, Boeing Airplane Co. 

Mr. Erold F. Pierce, Wrlglit Aeronautical Division, Curtiss- 
Wright Corp. 

Mr. Perry W. Pratt, Pratt and Whitney Aircraft Division, United 
Aircraft Corp. 

Mr. E. B. Stoeckly, General Electric Co. 

Mr. Lon Storey, Jr., Lockheed Aircraft Corp. 

Mr. Don L. Walter, Marquardt Aircraft Co. 

Mr. Lee R. Woodworth, The Rand Corp. 

Mr. Richard S. Oesaro, Secretary 

-Special Subcommittee on Power Plant Controls 

Dr. Martin A. Edwards, General Electric Co., Chairman. 
Major John B. M. Taylor, U. S. A. F., Wright Air Development 
Cento. 

Mr. A. S. Atkinson, Bureau of Aeronautics, Department of tlm 
Navy 

Mr. John 0. Sanders, NAOA Lewis Flight Propulsion Labora- 
tory. 

Dr. John i). Barnes, North American Aviation, Inc. 

Mr. Rudolph Bodemuller, Bendix Aviation Corp. 

Dr. b. ^rk Draper, Massachusetts Institute of Technology. 

Mr. S. S. Fox, Pratt and Whitney Aircraft Division, United Air- 
craft Corp. 

Mr. John-H. Stresen-Beuter, Holley Carburetor Co. 

Mr. R. O. Treseder, Aeroproducts Division, General Miitors 
Corp. 

Mr. James W. Wbeeler, Sperry Gyroscope Co., Inc. 

Mr. James 0. Wise, Marquardt Aircraft Co. 

Mr. James Lazar, Secretary 
Subcommittee on Heat-Resisting Materials 

Mr. Arthur W. F. Green, Allison Division, General Motors Corp., 
Chairman. 

Mr. J. B. Johnson, Wright Air Development Center. 

Mr. Nathan E. Promisel, Bureau of Aeronautics, Department of 
the Navy. 

Mr. J. J. Harwood, Office of Naval Research, Department of the 
Navy. 

Mr. Benjamin Plnkel, NACA Lewis Flight Propulsion Labora- 
tory. 

Mr. W. L. Badger, General Electric Co. 

Mr. K. M. Bartlett, Thompson Products, Inc. 

Mr. Howard C. Cross, Battelle Memorial Institute. 

Mr. P. 6. DeHuff, Jr., Westinghouse Electric Corp. 

Mr. Russell Franks, Union Carbide and Carbon Corp. 

Mr. Herbert J. Fi-ench, The International Nickel Co., Inc. 
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Prof. Nicholas J. Grant, Massachusetts Institute of Technology. 
Mr. H. Hanink, Wright Aeronautical DiTlslon, Curtlss-Wright 
Corp. 

Mr. Alvin J. Heizig, Climax Molybdenum Co. of Michigan. 

Dr. LoweU H. Milligan, Norton Co. 

Mr. Budolf H. Thielemann, Pratt and Whitney Aircraft Divi- 
sion, United Aircraft Corp. 

Mr. V. W. Whitmer, Republic Steel Corp. 

Mr. WlUlam H. Woodward, Secretary 

Special Subcommittee on Rocket Engines 

Dr. Maurice J. Zucrow, Purdue University, Chairman. 

Lt. Col. D. P. Ayres, U. S. A. F., Air Research and Develop- 
ment Command. 

Comdr. K. 0. Childers, Jr., U. S. N., Bureau of Aeronautics. 
Capt. Levering Smith, U. S. N., Naval Ordnance Test Station, 
Inyokern. 

Dr. Eugene Miller, Redstone ArsenaL 

3Ir. Paul R. Hill, NACA Langley Aeronautical Laboratory. 

Mr. John L. Sloop, NACA Lewis Plight Propulsion Laboratory. 
Mr. Richard B. Canrlght, Douglas Aircraft Co., Inc. 

Mr. R. Bruce Poster, BeU Aircraft Corp. 

Mr. Stanley L. Gendler, The Rand Corp, 

Dr. George E. Moore, General Electric Co. 

Mr. Thomas E. Jlyers, North American Aviation, Inc. 

Jlr. Jack H. Sheets, Propeller Divlaion, Curtlss-Wright Corp. 
Dr. Robert J. Thompson, Jr., M. W. Kellogg Go. 

Dr. Paul P. Wlnterniti, Reaction Motors, Inc. 

Mr. David A. Young, Aerojet Engineering Corp. 

Mr. B. E. Gammon, Secretary 

COJOnTTEE ON AIRCRAFT CONSTRUCTION 

Dr. Arthur E. Raymond, Douglas Aircraft Co., Inc., Chairman. 
Mr. R. L. Templin, Aluminum Co. of America, Vice Chairman. 
Mr. E. H. Schwartz, Wright Air Development Center. 

Comdr. L. S. Chambers, U. S. N., Bureau of Aeronautics. 

Mr. Albert A. VoUmecke, Civil Aeronautics Administration. 

Dr. Hugh L. Dryden (ex officio). 

Dr. Henry J. E. Reid, NACA Langley Aeronautical Laboratory. 
Mr. Carlton Biolettl, NACA Ames Aeronautical Laboratory. 

Mr. William B. Bergen, The Glenn L. Martin Co. 

Prof. Emerson W. Conlon, University of Michigan. 

Dr. C. C. Furnas, Cornell Aeronautical Laboratory, Inc. 

Mr. Martin Goland, Midwest Research Institute. 

Mr. Jerome P. McBrearty, Lockheed AIrpraft Corp. 

Mr. Richard L. Schleicher, North American Aviation, Inc. 

Mr. Charles R. Strang, Douglas Aircraft Co., Inc. 

Mr. Pranklyn W. Phillips, Secretary 

Subcommittee on Aircraft Structures 

Mr. Charles R. Strang, Douglas Aircraft Co., Inc., Chairman. 
Lt. Col. John K. Bussey, U. S. A. P., Wright Air Development 
Center. 

Mr. Vfllllam B. MUler, Wright Air Developmait Cents*. 
Comdr. D. E. Dressendorfer, U. S. N., Bureau of Aeronautics. 
Mr. Ralph L. Creel, Bureau of Aeronautics, Department of the 
Navy. 

Mr. William T. Shuler, CivU Aeronautics Administration. 

Mr. Samuel Levy, National Bureau of Standards. 

Dr. Eugene B. Lundqulst, NACA Langley Aeronautical Labora- 
tory. 

Prof. Raymond L. BispIInghoff, Massachusetts Institute of Tech- 
nology. 


Mr. WILUam M. Duke, Cornell Aeronautical Laboratory, Inc. 

Mr. G. Gamer Green, Consolidated Vultee Aircraft Corp. 

Dr. Nicholas J. Hoff, Polytechnic Institute of Brooklyn. 

Mr. Francis MeVay, Republic Aviation Corp. 

Mr. John BL Meyer, McDonneU Aircraft Corp. 

Dr. David J. Peery, The P enns ylvania State College. 

Mr. George D. Ray, Beil Aircraft Corp. 

Prot Ernest E. Sechler, California Institute of Technology. 

Mr. R. L. Templin, Aluminum Co. of America. 

Mr. Melvin G. Rosche, Secretary 
Subcommittee on Aircraft Loads 

Mr. Jerome P. McBrearty, Lockheed Aircraft Corp., Chairman. 
Capt. David W. Lneck, U. S. A. P., Air Research and Develop- 
ment Command. 

Mr. Joseph BL Harrington, Wright Air Development Cffliter. 
Comdr. W. E. Henry, U. S. N^ Bureau of Aeronautics. 
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the Navy. . 
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Mr. George P. Worley, Douglas Aircraft Co., Inc. 
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Mr. Lee S. Wasserman, Wright Air Development Center. 

Mr. James E. Walsh, Jr., Burean of Aeronautics, Department of 
the Navy. 
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Prof. Holt Ashley, Massachusetts Institute of Technology. 
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Dr. J. Ml Prankland, Chance Tonght Aircraft Division, United 
Aircraft Corp. 

Mr. E. B. KInnaman, Boeing Airplane Co. 

Mr. Raymond A. Pepping, McDonnell Aircraft Corp^ 

Mr. Harvey H. Brown, Secrfetary 

Subcommittee on .4ixcraft Structural Materials 

Mr. Edgar H. Dli, Jr., Alnmlnum Co. of America, Chairman. 
Mr. J. B. Johnson, Wright Air Development Center. 

Mr. James B. Sullivan, Bureau of Aeronantics, Department of 
the Navy. 

Dr. Gordon M. Kline, National Burean of Standards. 

Mr. James B. Dougherty, Jr., Civil Aeronautics Administration. 
Dc. John E. Dnberg, NACA Langley Aeronautical Laboratory. 
Prof. Maxwell Gensamer, Columbia University. 

Mr. O. W. Londenslager, Goodyear Aircraft Corp. 

Dr. J. C. McDonald, The Dow Chemical Co. 

Mr. W. E. Mahin, Illinois Institute of Technology. 
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Mr. Paul P. Mozley, LocRlieed Aircraft Corp. 

Dr. George Perkins, Reynolds Metals Co. 

Mr. David G. Reid, Chance Vought Aircraft Division, United 
Aircraft Corp. 

Mr. D. H. Ruhnke, Republic Steel Corp. 

Dr. Leo Schaplro, Douglas Aircraft Co., Inc. 

Dr. Dana W. Smith, Kaiser Aluminum and Chemical Corp. 

Mr. Edgar B. Beck,' Secretary 

COMMITTEE ON OPERATING PROBLEMS 
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Mr. Charles Eroesch, Eastern Air Lines, Inc., Vice Chairman. 
Colonel J. Francis Taylor, Jr., U. S. A. P., Air Research and 
Development Command. 

Colonel Stanley R. Stewart, U. S. A. F., Wright Air Development 
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Service. 

Mr. Stephen H. Jump, Bureau of Aeronautics, Department of 
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Dr. F. W. Relehelderfer, U. S. Weather Bureau. 

Mr. George W. Haldeman, Civil Aeronautics Administration. 
Mr. Donald M. Stuart, Civil Aeronautics Administration. 
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Mr. Melvin N. Gough, NACA Langley Aeronautical Laboratory. 
Mr. Eugene J. Manganlello, NACA Inwls Flight Propulsion 
Laboratory. 

Mr. M. G. Beard, American Airlines, Inc. 

Mr. John G. Borger, Pan American World Airways, Inc. 

Mr. Warren T. Dickinson, Douglas Aircraft Co., Inc. 

Mr. A. Howard Hasbrook, Cornell University Medical College. 
Mr. Robert E. Johnson, Wright Aeronautical Division, Curtlss- 
Wright Corp. 

Mr. Raymond P. Lansing, Bendix Aviation Corp. 

Mr. Jerome Lederer. 

Dr. Ross A. McFarland, Harvard School of Public Health. 

Mr. W. C. Mentzer, United Air Lines, Inc. 

Mr. William I. Stieglltz, Republic Aviation Corp. 

Dr. T. L. K. Smull, Secretary 
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Dr. F. W. Relehelderfer, U. S. Weather Bureau, Chairman. 
Brig. Gen. W. O. Senter, U. S. A. P., Air Weather Service, 
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Mr. Robert W. Craig, Civil Aewnautlcs Administration. 

Mr. George M. French, Civil Aeronautics Board. 

Mr. Harry Press, NACA Langley Aeronautical Laboratory. 

Mr. I. Irving Pinkel, NACA Lewis Flight Propulsion Laboratory. 
Mr. Robert N. Buck, Trans World Airlines, Inc. 

Dr. Horace R. Byers, University of Chicago. 

Mr. Martin B. CahUl, Northwest Airlines, Inc. 

Mr. Allen C. Clark, Pan American World Airways, Inc. 

Mr. Joseph J. George, Eastern Air Lines, Inc. 

Mr. Henry T. Harrison, Jr., United Air Lines, Inc. 

Prof. H. G. Houghton, Massachusetts Institute of Technology. 


Dean Afhelstan F. Spllhaus, University of Minnesota. 

Mr. Frank C. 'White, Air Ti'ansport Association of America. 

Mr. Mason T. Cbarak, Secretary 
Subcommittee on Icing Problems 

Mr. Arthur A. Brown, Pratt and Whitney Aircraft Division, 
United Aircraft Corp., Chairman. 

Capt. Walter L. Haaser, U. S. A. P., Wright Air Development 
Center. 

Mr. Duane M. Patterson, Wright Air Development Center. 
Mr. Edward C. Y. Inn, Air Force Cambridge Research Center. 
Mr. Harconrt C. Sontag, Bureau of Aeronautics, Department of 
the Navy. 

Mr. B. O. Haynes, U. S. Weather Bureau. 

Mr. David L. Posner, Civil Aeronautics Aduiinistration. 

Mr. I. Irving Pinkel, NACA Lewis Plight Propulsion Laboratory. 
Mr. J. S. Alford, General Electric Co. 
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Mr. F. L. Boeke, North American Aviation, Inc. 

Dr. Wallace E. Howell, W. E Howell Associates. 

Mr. Victor Hudson, Consolidated Vultee Aircraft Corp. 

Mr. B. P. Katzenberger, Sikorsky Aircraft Division, United 
Aircraft Corp. 

Mr. David A. North, American Airlines, Inc. 

Mr. W. W. Reaser, Douglas Aircraft Co., Inc. 

Mr. Boyd C. Meyers, II, Secretary 
Subcommittee on Aircraft Fire Prevention 

Mr. Raymond D. Kelly, United Air Lines, Inc., Chairman. 
Major John V. Norton, U. S. A. F., Air Research and Develop- 
ment Command. 

Mr. Frederick A. Wright, Wright Air Development Center, 

LL Col. Walter H. Taliaferro, U. S. A. P., Teclinical Inspection 
and Flight Safety Research. 

Mr. Arthur V. Stamm, Bureau of Aeronautics, Department of 
the Navy. 

Mr. David L. Posner, CMl Aeronautics Administration. 

Mr. Harvey L. Hansberry, Civil Aeronautics Administration. 
Mr. Hugh B. Freeman, Civil Aeronautics Board. 

Mr. A. Cl Hutton, National Bureau of Standards. 

Mr. Lewis A. Rodert, NACA Lewis Flight Propulsion Labora- 
tory. 

Mr. E. M. Barber, The Texas Co. 

Mr. Allen W. Dallas, Air Transport Association of America. 
Mr. Harold E. Hobep, American Airlines, Inc. 

Mr. C. R. Johnson, Shell Oil Co. 

Mr. Prank (1 Mock, Bendlx Aviation Corp. 

Mr. Ivar L. Shogran, Douglas Aircraft Co., Inc. 

Mr. William I. Steiglltz, Republic Aviation Corp. 

Mr. Clem G. Trimbach, Cornell Aeronautical Laboratory, Inc. 
Mr. R. N. Wallace, Pratt and Whitney Aircraft Division, United 
Aircraft CoiT- 

Mr. Richard S. CCsaro, Secretary 

Special Subcommittee on Aircraft Noise 

Mr. WIliiam Llttlewood, American Airlines, Inc., Chairman. 

Mr. Charles Proesch, Eastern Air Lines, Inc. 

Major H. O. Parrack, U. S. A. P., Wright Air Development 
Center.. 

Comdr. M. H. Goodwin, MC U. S. N., Bureau of Medicine and 
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ilr. Stepfiea Kolle, Civil Aeronautics Administration. 

Dr. Richard K. Cook, National Bureau of Standards. 

Mr. Macon C. Mlis, Jr., NACA Langley .Aeronautical Laboratory. 
Mr. Arthur A Eegier, NACA Langley Aeronautical Laboratory. 
Mr. Newell D. Sanders, NACA Lewis Flight Propulsion 
Laboratory. 

Dr. Richard H. Bolt, Massachusetts Institute of Technolc^. 

Mr. Allen W. Dallas, Air Transport Association of .America. 

Dr. Stacy R. Guild, Johns Hopkins Hospital 

Dr. Ross A McFarland, Harvard School of Ptd)IIc Health. 

Mr. Karl D. Swartzel, Cornell .Aeronautical Laboratory, Inc. 

Dr. T. L. IC. Small, Secretary 


Industry Consulting Committee 

Mr. William 3L Allen, Boeing Airplane Co., Chairman. 

Mr. Ralph S. Damon, Trans World Airlines, Inc., Vice Chairman. 
Mr. Preston E. Bassett, Sperry Gyroscope Co., Inc. 

Mr. J. H. Carmichael, Capital Airlines, Inc. 

Mr. L. R. Grumman, Grumman .Aircraft Engineering Corp. 
Mr. Roy T. Hurley, Curttss-Wright Corp. 

Mr. G. W. LaPierre, General Electric Co. 

Mr. Mundy I. Peale, Republic Aviation Corp. 

Mr. Dwane L. Wallace, Cessna Aircraft Co. 

Dr. T. L. K. Smull, Swretary 



Part III— FINANCIAL REPORT 


Appi-opriations for the fiscal year 195Z. — ^Funds in Oie fol- 
lowing amounts were aM>roprIated for the Committee for the 
fiscal year 1052 in the Independent Ofllces Appropriation Act, 
1952, approved August 81, 1951, and the Third Supplemental 
Appropriation Act, 1952, approved June 6, 1952 : 

Salaries and expenses .. $50,650,000 

Construction and equipment of labora- 
tory facilities : 

Funds to complete financing of the 
fiscal year 1949 proginm : 

Langley Aeronautical Labora- 


tory $872, 800 

Lewis Blight Propulsion Labora- 
tory 550, 000 

922, 800 

Funds to complete financing of tiie 
fiscal year 1950 program : 

Langley Aeronautical Labora- 
tory 3, 490, 424 

Pilotless Aircraft Station 8, 100 

Lewis Flight Propulsion Labora- 
tory 1, 600,000 

4,998,624 

Funds to continue financing of the 
fiscal year 1951 program : 

Langley Aeronautical Labora- 
tory 1,283, 676 


Ames Aeronautical Laboratory— 4, 650, 000 

5, 783, 676 

Funds to completely finance the fiscal 
year 1952 program : 

Langley Aeronautical Labora- 
tory 647, 000 

Pilotless Aircraft Station 173, 000 

High-Speed Flight Station 4, 000, 000 

Ames Aeronautical Laboratory 1, 480, 000 

Lewis Flight Propulsion Labora- 
tory 350, 000 

6, 660, 000 


Total appropriated funds, fiscal 

year 1952 $69, 000, 000 


Obligations Incurred against the fiscal year 1952 appropriated 
funds are listed below, together with the unobligated balances 
remaining on June 80, 1952. The figures shown for salaries and 
expenses include the costs for x>ersonal services, ti'avel, trans- 
portation, communication, utility services, printing and re- 
production, contractual services, supplies, and equipment. 


Salaries and expenses ; 

NAOA Headquarters $1, 262, 954 

Langley Aeronautical Laboratory 19,655,769 

Pilotless Aircraft Station 777,545 

High-Speed Fli^t Station 1, 208, 163 

Ames Aeronautical Laboratory 8, 262, 767 

Western Coordination Office .16,280 

Lewis Flight Propulsion Laboratory 18, 344, 196 
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Salaries and expenses — Continued 

Wright-Patterson Coordination Office $11,384 

Research contracts — educational institutions. 763,051 

Services performed by National Bureau of 
Standards and Forest Products Labora- 
tory .234,600 

Unobligated balance 113, 391 


$60, 650, 000 


Construction and equipment of labora- 
tory facilities ; 

Funds to complete financing of the 
fiscal year 1949 program : 

Langley Aeronautical Labora- 

- tory $370, 179 

Lewis Flight Propulsion Labora- 
tory 647,186 

Unobligated balance 5, 485 

Funds to complete financing of the 
"fiscal year 1950 program: 

Langley Aeronautical Labora- 
tory 3,442,481 

Pilotless Aircraft Station. 3,042 

Lewis Flight Propulsion Labora- 
tory 1,480,727 

Unobligated balance -- 67,274 

Funds to continue financing of the 
fiscal year 1951 program : 

Langley Aeronautical Labora- 
tory 1,226,878 

Ames Aeronautical Laboratory 4, 646, 780 

Unobligated balance 10, 618 


$922,800 


4,993,624 


6, 783, 676 


Funds to completely finance the 
.fiscal year 1952 program : 

Langley Aeronautical Labora- 
tory 94, 880 

Pilotless Aircraft Station 3,800 

High-Speed Flight Station... ' 161,000 

Ames Aeronautical Laboratory 211,638 

Lewis Flight Propulsion Labora- 

rtory — 160,208 

Unobligated balance.— *6,028,479 


6,650,000 


Total appropriated funds, fiscal 
year 1952 $69, 000, 000 


Appropriation ■for the Unitary Wind Tunnel Plan Act. — ^Funds 
in the amount of $75,000,000 were appropriated in the Deficiency 
Appropriation Act, 1950, approved June 29, 1950, for the con- 
struction of wind tunnels authorized In the Unitary Wind Tun- 


iThls unobligated balance remains available for obligation until 
expended. 
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nel Plan Act of 1949 tPublic Law 415, 81st Cod£., approved Ocr 
tober 27, 1049). These funds are available until expended. 
Allotments and obligations as of June 30, 1952, are as follows: 

OillgattoM 
at of June SO, 
J-Tlotmentt 1B5S 

Langley Aeronautical Laboratory — $15, 067, 000 $13, 166, 492 

Ames Aeronautical Laboratory 27, 077, 000 22, 176, 994 

I.ewis Plight Propulsion Laboratory- 82, 856, 000 15, 087, 928 


Total $75, 000, 000 $50. 431, 414 


Appropriations for the fiscal pear 195S . — The major allotments 
of the funds appropriated for the Committee for the 6seal year 
1953 In the Independent OfiSces Appropriation .Act, 1953, ap- 
proved July 6, 1952, are as follows : 


Construction and equipment of labora- 
tory facilities : 

Funds to continue financing of the 
fiscal year 1951 program : 

Langley Aeronautical Labora- 
tory ^ $516, 324 

Ames Aeronautical Laboratory — 483,676 

$1,000,000 

Funds to completely finance the 
fiscal year 1953 program-: 

Langley Aeronautical Labora- 
tory 1 11, 115, 000 

Lewis Plight Propulsion Labora- 
tory 5, 585, 000 

16, 700, 000 


Total appropriated funds, fis- 
cal year 1953 $66, 286, 100 


Salaries and expenses 


$48,586,100 



